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PREFACE. 



Nearly twenty years ago the Publishers made the bOtmiog 

announcement : " Surm/'nuj an<t Snrifhtlinn ; Cont&juiag Surviv- 
ing and Leveling, Navigation, Barometric Heights, ete." 

To redeem this promise, llir present work DOT* nppeam. 

It is cuntomary to preface works on Surveying by a meaner 
sketch of Plane TriLnmuinctry, but it has l>evn thought best 
to iii<;lu«K- in this work a thorough treatment of Plane and 
Bpherical TrijionnmrMry end Mensuration. Tlit'sp subjects have 
been treated in rJen »f the wants of our l>est High Schools 
rod College*. 

1 Ortalfl modem writers have defined the Trigonometric func- 
tion* n* ratio*; for example, in a tight triangle, the sine of nn 
lc is the ratio of the opposite side t<> the hypo tea) use, etc. 

The historical method of considering the rine, co-sine, Uu- 

«.'t'' , as linear function* of the are. explain** the origin <>l 
1 1 1 ■ ■ -*_■ torus— -avoids the ambiguity of the word ratio; explains 
hfw the hnrarithm of the sine, for example, can reach the limit 

In, which would Ik> impossible if the Limit ol the sine itself i- 
i and le nun-It more readily apprehended by the -undent. 

Tin- advantage* in analytic investigations resulting from 

in-.: tli«-' functions as ratios have been secured in the 

|irinriple- relaiinu to the Rttfht Triangle, Art. lit. 

Earh of tin* circular functions has, in the first plac*^ been 
deied by Itself, and its value traced, for all an>, from o~ 

ier. 

(HI) 
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Then follows the solution of triangles, right and oblique, the 
general relations of tho circular functions, the function* of the 
Hup i>r difference of two angle*, and a variety of interesting 
practical amplications. 

It is hoped that Spherical Trigonometry ha* beta made in- 
^4*1 ) >^:i t>l«' to the dlligeot student. Uora than ordinary can tun 

been given to the drvclopmcnl of Napier':* principles, and to 
the ill- BUSnon (> f the tpeeies Of the parts of bolh right and 
oblique spherical triangles. Arts. 120, 129, 140, UH, (51. 

Mensuration, a subject at once interesting and practically Im- 
portant, has been disciiw^'d at length, and formula-- have been 

developed Instead of rule* for the solution of the problems. 

In the Surveying, the instruments are first represented and 
described, and the methods of making the adjustment* given 
in detul. 

The Author takes this opportunity to express hi* obligations 
to Messrs. W. &. L. K. Hurley, Manufacturers of Surveying and 

Engineering Instruments, Troy, >. v., who l-.wv kindly .granted 

liini the use of their Manual for the delineation and descrip- 
tion of tin- instruments. In consequence of thta courtesy! much 
better drawing! and descriptions have been made than would 
otherwise have been possible. 

The instruments themselves should, however, be accessible to 

the student, who should study them in connection with the 
descriptions in the book, and lenrn to uttc them in practical 
v.uri.. guided by b competent instructor. 

Tin- Rectaugulai method nr surveying tbe Public lands, now 
i . Mghi Lo great perfection tinder the direetion of the Govern- 
ment, has been minutely explained, and Illustrated by field 
■ of Actual surveys. '" Ihia portion of flie vorki the 
United States Manual of Bwveying instructions has been 
taken ai authority, and thus the authorised methods, irhtcli 

must form the bests tot subsequent surveys, have lircn made 
ooceasihlc to the atudont 

The methods •>? finding the true meridian and the variation 
of the needle have been riven at length; also specific dim- 
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MASTS, taking bearings measuring lines, rc- 
mrding field notes, and pUiUing. 

dditiOB to the ordinary method of finding the area, a 

new . leTcloped by v.. M. Bogus, of Kentucky, b given 

in An. 804. Xhi?* method ha the merit of giving always a 

UUMllBI result from the HUM ficM notes, and thus afotdl 
putes about the different result! of the ordinnry msthodj US 
avoidably ■tending lIu- various distribution of errors by dihVr- 
eut calculators. 

The methods of supplying omissions arc explained and illua- 
traied by examples. 

Laying oat and dividing land, operations admitting of an 

unlimited variety of tpplieatjoae, have been treated in view of 
lip- moti ofl ine practical surveyor. Tin- subject i> also full of 

root to the student, who can not fail to receive from it DeH 
l of the resource* of mathematical science. 

Leveling, the construction of railroad curves, embankments 
and excavation*, Lite method of making Topographical surveys, 

with the authorized conventional symbols, Barometric beighta, 

etc., have been explained and illustrated by diagrams ami 
examples. 

It has been thought best to give a clear, elementary treat- 
ment of Navigation, not only on account of those who nrny 
desire to pursue the subject further, but for the aake of grati- 
. tin* wishes of intelligent persons who may desire to know 
something n\' Navigation. The limits of the work, however, for* 
i.i discussion of Nautical Astronomy. Tin- examples in 
igoiion have been selected from the English work of J. R. 
Young. 

Tlie tabled of Logarithms Natural and Logarithmic sines, etc., 
have been carried only to five decimal place**, and for the pur- 
poses intended will be found practically better than tables to 
six or seven places. 

The Traverse table has been thrown into a new form, at once 
condensed and convenient 

These tables have been compiled by Mr. Henry II. Vail, and 
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by him compared with Babbagc'a and Witbatcin'a tables, then 
iln' Author with Yoga's tablet* to seven decimal placed. It 
is hoped that by iliis double comparison perfect accuracy lias 
been attained. 

The table of Meridional Parts, taken from " Projection Tables for 
tlie use of the United States Navy," prepared by the Bureau of 
Navigation, and issued from the Government Printing office, wan 
CaJcul&wd En the Hydrogrnphic ofliec for the terrestrial r|ihvruid, 
conipre-uion ^w.\tjv This uible, now for the firnt time puli- 
lUhed in a text-book, is believed to be more correct than those in 

)M'iirf;il II---. 

The Author takes pleasure in acknowledging his obligation* lo 
Prof EL 11. Warner for critical suggestions and acceptable aid in 
rending proof nnd testing the accuracy of the answers. 

With tin- DDpe that the book will be attractive and useful to 
Mm student, teacher, and practical surveyor, it is sent forth to 
accomplish its work. 

A. SCHUYLER. 
Baldwin University. ) 
Bskka, 0. June 12, 1873. j 
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LOGARITHMS. 

1. Definition. 

A logarithm of a number is the exponent denoting 
power to which a lixed number, called t\ uunt 

>iacd in order to produce the given number. 
Thus, in the equation, 6* = n, 6 is the base of the sys- 
tem, » IS th<< iiumhi :t whoso logarithm is to be taken, 
and 7 is the- logarithm of n to the base b, which may be 
written: r = log» «. 

positive number, except 1, may be assumed as 
base, but when assumed, it remains fixed for a sys- 
tem ; hence, there may be an infinite number of sys- 
tems, since there may be an infinite number of bases. 



2. Conunou Logarithms. 

Common logarithms are the logarithms of numbers 
in the system whose base is 10. 



10* = 1; 

10» = 10; 

10' -100; 
10*= 1000; 



by def, log 1=0. 
by <M\ Log 10 L 
by fee, log 100=2. 
by def.. log 1000 = 3. 



HttllOBi fil tha common tyeUm t the logarithm of an exact power 
of 10 fa the whole number cfxud to the exponent of Vte jrnccr. 

W 



10 
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3. CoiiBcqiiences. 

1. If the number is greater than 1 and less than 10, 
its logarithm is greater than and less than 1, or is 
H- a decimal. 

2. If the number is greater than 10 and less than 
IGQ, its logarithm is greater than 1 and less than 2, or 
is 1 -\- a decimal. 

:'. In general, if the number is not an exact power 
■ •I 10, its logarithm, in the common system, will consist 
of two parts — an entire part and a decimal ]>art. 

Tin- entire part in called tho >'h v- and the dec- 

imal part is called the mantissa. 



4. Problem. 

To find the laws for the chararteritlie. 

Let (1) 10' »; then, by def., lug n = x. 
But (2) 10»-10. 

(1)-K2) = (S) 10— =£; then, by def., log &=*— h 



10 

log Sj»llflg»— 1. 



10 



Hence, The logarithm of tfie qnclU-nt of any number hy 10 is 
/ i than the logarithm of the. jtumher. 

Let us now take the number 8979 and its logarithm 
3.95328, as given in a table of logarithms, and divide 
the number successively by 10, and for each division 
subtract 1 from the logarithm of the dividend, then we 
have, 

Log 8979 =8.06888. 

SOTAs 2.85323. 

" 89.79 = 1.95323. 

u 8.979 c= 0-95323. 



Log 



.8979 =1.95323. 
.08979 = 205838. 

" .008978 — :!" 



Til K CHAR ICTKXrSTJC. 
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Tin' minofl rign applies only t<» the Bhanotariatfc 

which it is placed. 

The mantissa is always positive, and is n., 
all positions uf the uVeimal point 

Au inspection of th<- abort will reveal the follow-in;.' 
1 If the number h Mfeproi or mtarf, tfie ehameterirtk is 

•<i M<wi tfd itititiUr vf integral figure*. 
•J.. Ij tht rmrnher *8 entirety dedllUtl, the rhnntrt,ri>4lc u 

ma m "nr- greater, nwnerieaUy^ th<it< tU>> muni' 

O's innnrt! ■ j the derivutl j*>iitt. 



5, Exercises on the Chanict eristic. 



1. What i- tin' characteristic of the logarithm nf 7? 

2. What b Uw oharacterlsUc of the logarithm of 

3. What is the characteristic of the logarithm of 

4. What is the characteristic of the logarithm of 
Y What is the characteristic of the logarithm of 
fi. What is the characteristic of the logarithm of 

7. What is the characteristic of the logarithm of 
00064? 

8. If the characteristic nf the logarithm of a n - 

nr ii 2, how many integral places lias that rnnsber? 

Bi If tin- characteristic of the logarithm of a num- 
ber ifl 5, how many integral places has that number? 
1<*. If the characteristic of the logarithm of a num- 

1, bow many integral places has that numher? 
11. If til* characteristic of the logarithm of a num- 
0, how many integral places has that number? 
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12. If the charncteristie of tin- logarithm of a num- 
bei is negative, is tho number integral, deciuiul, or 
mixed? 

13. If the characteristic of the logarithm of a num- 
ber is 4, how many Ota immediately follow the decimal 
point? 

14. If the charn«teristic of the logarithm of a nuin- 
bez is 2, how many O's immediately follow the decimal 
point? 

15. If the characteristic of the logarithm of a num- 
ber is 1, how many O's immediately follow the decimal 
point ? 

TABLE OF LOGARITHMS. 



6. Description of Hip Table. 

The table of logarithms annexed gives the mantissa 
of tho logarithm of every number frott 1000 to 109(H). 
The characteristic can be found by the preceding laws. 

It follows, from Art. 4, that the mantissa of the loga- 
rithm of a number is tho same as the mantissa of the 
Logarithm of the product or quotient of that number by 
any power of 10. Thus: 

Log 12 - 1.07918. 
u 120 = 2.07918. 
8 .012-2107918. 

Hence, wo can determine from tho table the log- 
arithm of any number less than 1000. Thus, the 
mantissa of the logarithm of 8 is the same as that 
of the logarithm of 8000. 

In Lin- table, the first three or four figure* or 
number are given in the left-hand column, marked 
.V. Tin* next figure is given at the bead osd foot 
of on<' nf tin* rnlumu.s of mantissas. 



TABLE OF l(K,.\niTini>. 



13 



Tlir* man n the column under 0, are 

to Bvq decimal ptaoea The Hr-t and second daoiroa] 
ires of this column are understood to be rrptMt.nl in 
\\w spaces below, and to be prefixed, across the p; 
to the tli Che remaining colon] 

When tin thir<l ■ 1- • 1 1 1 i;i I digit i liangcs from ft to 0, 
tfafl HOOnd ifl increased by the 1 cirricd ; and the OOP 

ending mantissa, and all to the right, OMBfift 
with a smaller figure, to indicate that the first two 
decimal figure?, to be prefixed, are to bfl taken from 
line below. 
The last column, marked />, contains the diflbr- 
pf two successive mantissas, culled the 
difference. 

7. Problem. 



To find- the logarithm of a gfan number. 



fl. Find the logarithm of 3675. 
Tin chara teristic is 3. Opposite 367, in the column 
headed -V, and under the column headed 5, we Bud 
526, to which prefix the two figures, 66, in tin- column 
headed 0, and wc have for the mantissa "><>j2o\ 

.-. log 3G75 = 3.oG52C. 

'2. Find the logarithm of 76. 

ristii is 1. and the mantissa is the same 
M that of 7600, which is .88081. 

.-. log 76= 1.SS0S1. 

: ind the logarithm of .004268. 

TV character-Mi is '.. and the mantissa is the same 
as that Looking opposil 

Vt of ""hiel tlo- H :■ u smull t i - « . r ■ Prefixing 
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88, from the lino below, in the column headed 0, we 
have for the mantissa .63022. 

.-. log .0042IJ8 = 3.03022. 

4. Find tho logarithm of 109684. 

The characteristic =5. 

The nmtisaa of log 10M = .03081 
Tab. diff. is 40; and 40 x 84 = 34 

log 109684 = 5.04015 

The reason for multiplying the tabular difference by 

.84 will he apparent from the following; 

log 109600 = 5.03981. 
log 109700 — 5.01021. 

Tlir difference of the logarithms is 40 hundred- 
thousandths, and the difference of the numbers is 100] 
but the difference of 109600 and 10i)fi84 is 84, which is 

.84 of 100; hence, the difference of thi' logarithms of 
109600 and L096M is .84 of 40 hundred-thousandths, 
which is 40 hundred-thousandths X .84 = 34 hundred- 
thousandths, nearly. 

It is assumed that the difference of the logarithms 
of two numbers is proportional to the difference of tho 
numbers, which is approximately true, especially if the 
numbers are large. 

5. Find ili«> logarithm of 123.613. 

The characteristic =2. 

The mantissa of log 123G == .09202 
Tab. diff. is 86; and 35 x. 13= 5 



.-. log 123.013 = 2.09207 

The tabular difference is .00035, and .(10035 v .13 = 
.0000455. Rut since the logarithms in thle table air 
token onlj to five decimal places, the two lust figures, 



EX Mf/V/v 
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ON rejected, Bbd I La «iirricd to .00004, mnl. ■ 
iNH'HIo for il.f correct ion, 
In general] when the left-hand figure of tin pari 

• u i, carry i 
When tlu- tabula* Aifi&Qnee is large, as in the firs*t 
part of the table, then may be small errors. Aerord- 
ingly, for naraben between 10000 and 10900; it will 
1h better to use the last two page* instead of the 
ir-t page. 

8. Rule. 

1. // the ?it/mVr, or thr ffodwA "J (Ad /"tml»r hi, nmj 
; - • / . /" VO^i* fouml in t/i' taWff, BnlS (fa epftWpet w ftfl^ ""M'- 

. 'A.- (oofe, and prefix the prop ■ etafneteri 

2. // '>'•' iiiniilx-i; ui'hvut reference to th>- daotmoJ p9M 
or 0** *>» tfo rfaftl, ts express**! bjf mora '/<"» jGtV /j 

//■oih cA« faWr CAfl mafiftai eorreapowUno tn thr 
four or fite figures an the l;/t. multiply tkt ding 

f,iftui,ir flijj'frrure hy the number gr/wawd fiy rA/- n naAriaj 
fitjitrrx, eonjrutrmf an a decimal^ reject frmn thr pfodwi 01 
/"- «'*//*/ ru an in ffo until f J It. carrying 
r>> tl I nnir,>tiiil add thk ramft ns m many hmdrtd- 

thoomndih* tn tin manii/un befon fowid, and /" £&4 an 
i proper ehamcL ri 



'i. Examples. 



1, W 

55, w 

::. V 

4. W 

5. VI 

a wi.m 

7 rYbat 

What 



is thr Logarithm 
fa the logarithm 
is the logarithm 
i* the logarithm 
fa the l 'L'arithm 
fa the logarithm 
is the logarithm 
ia the logarithm 



of 2347? 

«.f ium;,;? 
of 37G542? 
of 229.7062? 
of 11387871 
of .80366? 
of ,0042883 ' 
of 1245400? 



dm, ;-•: 
dm 6.03626 
4m. &67681. 
.!,, 2.36117. 
i4w. 6.06201 
4ftft L48237, 
dns 9188026 
.!/', 8.09531. 
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10. Problem. 

To find the number corresponding to a given logarithm. 

1. What number corre s ponds to logarithm 2.03262? 
T1m» mantissa is found in the column headed 8, 

and opposite 107 in the column headed N. Hence, 
without reference to the decimal point, the number 
corresponding is 1078; but since the characteristic is 
2, the number in entirely decimal, and one imme- 
diately follows the decimal point. He-nee, the number 
corresponding is .01078. 

2. What number correspond? to logarithm 2.83037? 
Since this logarithm enn not be found in the table, 

take the- next less, which is 2.83033, and the corre- 
sponding number, without roferenco to tho decimal 
point, which is 6766. 

The difference between the given logarithm and the 
next less is 4, and the tabular difference is 6, which 
is the difference of the logarithms of the two numbers, 
6766 and 6707, whose difference is 1. 

If the tabular difference of the logarithms, '• 0OF- 
responds to a difference in the numbers of 1, the 
difference of the logarithms, 4, will correspond to a 

t difference of J of 1; which, reduced to a decimal, and 
annexed to 6766, will give for the number, without 
reference to the decimal point, 676666. But since the 
inn tcristic is 2, there will be three integral placet; 
hence, 676.666 is the number required. 
3. What number corresponds to logarithm 2.76398? 
The given log =2.76398 ,«. number = 580.737 
Next less log - 2.76:!!fo .". number 0SO.7 
Tab. difference 8)800 difference. 



37 = correction. 



TABLE <>/•' LOGARITHMS 
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Ii is oeewMuy to write only that part of the next 

rithm which diflbn from the glten logarithm. 

Cono UmOXed to the difference, and divide by 

the tabular difference; and unnex the quotient to the 

number corresponding to the next less Logarithm 

In practical work abbreviate thus: Let I denote the 
d logarithm; /', the next less logarithm; n and a*, 
the corresponding numbers; f, the tabular difibrenooj 
*/, difference of Logarithms; e, the oorreotion. 

4. What number corresponds to logarithm 1.73048? 

1 = '1.73043 .". tt --537625 
r = 1.73046 .' ft' -5376 

t = 8j2 = d. »' is (band first, than 

25 = c. n by annexing c. 

11. Rule. 

1. If the rjhrn mnntima can be found in Uu tabUj iokt the 

corresponding! and place the decimal point accord- 

n>\ In 'hr l.iir fi>r tht rh.i m>-h fisUC. 

2. If the given mantissa can noi be found in the tabic, 
(ah the and the correspond in a number, Subtract 

'. annex 0'» t» '/< 
nit by the tabular different flti 
ili. quotient to the number corresponding to the logarithm 
nrrt Urn than the given logarithm, and j^arc the deeimal 
point teeordin i to the fa w for the cheiracterMc. 

12. Examples. 

I. What number corresponds to logarithm 4.56708? 

An*. 360G0. 
j. What number corn Bponda to logarithm 3.05147? 

.1. , 8MSA 
:. What number corresponds to logarithm 2.411801 

. .0267*1. 
s v 2 
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1 What number corresponds to logarithm 1.48237? 

Ana. .30305. 
5. What number corresponds to logarithm 3.63025? 

Am. .0042683. 



MULTIPLICATION BY LOGARITHMS. 
13. Proposition. 

The itiijnri/fni) of tin 1 prtuht/d uf two number* is equal to 
the sum of their logarithm*. 



Let 



(1) b' = m,' then, by def., log m =<x. 



j(l) b> = m; 
((2) b> = n; 



then, by def., log n = y. 
C1)X(2) = (3) b'+' = mn; then, by def., log mn=x+y. 
. • . log m n — log m -f log n, 



14. Rule. 

1. Find the logarithms of the farters and take tfteir turn, 
wltirh will be tfic logarithm of the product 

2. Find the number OOrrttpOndvtig which will be their 

i'.Ct. 

15. Examples. 

1. Find the product of 57S46 and .003927. 

log 57846 =4W228 
log .006927= 8,59406 

log product = 2.35634, . ■ . product ss 227.16. 

2. Find the product of 37*8 aivl 75861 

Ana. 28510001 

3. Find the product of .8754 and .OOToO. 

Ans. .002838. 



DIVISION BY LOGARITHMS 



1!) 



4. Find the product erf W9.75 Kid 75.85. 

Ans. 75831.667. 

5. Find the product of 85, .097, and .125. Ant. U 



DIVISION BY LOGARITHMS. 
16. Proposition. 

Thr. logarithm of the quotient <>j tiro MMnfa* & rami? to 

C4i 1'i.jnriihia of tftc dividend minus the logarithm »J the 

</r. 



Let 



I 



(1) b' — »; then, by de£, log m = r. 

(2) ft»=n; then, by de£, log n = y. 



2)=<8) &"**=-/ then, by det, Iog*=»— « 



log — = log m 

n 



lOg ft, 



17. Rule. 

J. /7*wZ £/(« logarithms of the numbers, subtract the toga- 
•from the logarithm «/ Ik dividend, and 

iimiit/hr trill bo thr. logarithm of thr quotfati, 

'J. Find the Hux/L'.t r'irr>.<j*r<i.li,i<i trfu'rh iriff. I* thr. 

qpotu n(. 

18. Examples 

J. Divide 73.125 by .125. 

log 73.125 = 1.86407 

log 



.125 = 1.09691 
log quotient =2.76716, 

2. Divide 7.5 by .000025. 

3. Divide 87-9 by .0345. 

4. Dh ">2 by .00789. 

5. Divi.lr 857*1 by L2.7523. 



qnotlent=685. 

Am. 300000. 
Ann. 2547.824. 
Am. 44.171. 
Am 0728, 
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ARITHMETICAL COMPLEMENT. 

19. Definition. 

The arithmetical complement of a logarithm id the 
result obtained by subtracting that logarithm from 10. 
Thus, denoting the logarithm by /., and its arithmetical 
complement by a, c. L, we shall have the formula, 
a. c. (.-10 — /. 

The urithmrtieal complement of a logaritlim is most 
readily found by commencing :it the left of the loga- 
rithm, and subtracting each digit from 9 till we come 
i.<i the last numeral digit, which must be subtracted 
from 10. 

Thus, to find the a. c. of 3.47540, we say: 3 from fl, 
8; 4 from 9, 5; 7 from 9, 2; 5 from 9, 4; 4 from 10, 6; 
from 0, 0. 

.'. a, c. of 3.47540 = 6.52460. 



20. Proposition. 

The difference of two logarithms w equal to the minnrnd, 
the tirithnwli'-id complement of the &uhlrahend> minim 10. 

For, J-/'=/ + (10 — O — 10. 

It is convenient to use the a. r. in division when 
either the dividend or the divisor is the Indicated 
product "f two *»r more factors. Thus, let it be re- 
quired to find x in the proportion: 

«*fi *«K..*7K« « - . 678.5X27.56 
3 i .5 : 678.5 : : 27.5b :*/.*.*=— == = 

. • . log % = log 678.5 + log 27.56 + a. c. log 37.5 - 10. 

log 678.5-2.83155 

log 27.56=1.44028 

a. c. log 37.5 = * ,42597 

log x = 2.69780 . ■ . * = 48&85A 



INVOLUTION BY LOGARITHMS. 21 

21. Examples. 

1. Given 125.5 : .0756 : : x : .0034532, to find x. 

Ans. 5.7325. 

2. Given 843 : x : : 732.534 : .759, to find x. 

Ans. .87346. 

3. Given x : .034 : : .784 : .00489, to find x. 

Ans. 5.451125. 

4. Given x — ^wa^^L,,. ' to find x. Ans. 1.4353. 

.000216 X 9025/ 

5. Given .753 X 12.234 : 87.5 X 3.7547 : : 56.5 : x, to 
find x. Ans. 2014.96. 

INVOLUTION BY LOGARITHMS. 

22. Proposition. 

The logarithm of any power of a number is equal to the 
logarithm of the number multiplied by the exponent of the 
power. 

Let (1) b* ~n; then, by def., log n =x. 
(1)>=(2) b"=n r ; then, by def., log n'=px. 
. • . log n * = p log n. 

23. Bnle. 

1. Find the logarithm of the number and multiply it by 
the exponent of the power, and the product will be the loga- 
rithm of the power. 

2. Find the number corresponding which will be the ]>owcr. 

24. Examples. 

1. Find the cube of .034. 

(1) log .034 ="£53148 
(1) X 3 = (2) log .034»=~5.59444 . • . .034"= .000039305. 

2. Find the square of 25.7. An*. 0GO.47. 
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3. Find the fourth power of .75. Ans. .3104. 

4. Find the cube of 8.07. Ans. 525.55. 

5. Find the fifth power of .9. I ; Mm7, 



EVOLUTION BY LOGARITHMS. 

25. Proposition. 

The logarithm *>f <iny root of a numJtcr is eqtutl to the 
logarithm if the number divided by the index of the root 

Let (1) />* = «; then, by def., log m=% 
t t) = (2) hi ssftjp then, by def., log I^n = - • 

.-. log rn = — — . 
20. Rule. 

1. Find the lafiii r it hoi of the ■innidrr, divide if hy lit 

index of (he rooty and Oie quotient will be the logarithm 
of 'he root. 

2. Find the number corresponding which will l»c Q\c root. 

37. Examples. 

1. Extract the square root of .75- 

(1) log .75=1.87-500 

U)-:-2-(2) log v7ft=~lM7m .-. 1^75 =.86602. 

S-holmm, 1.87506 4-2= {2 + 1.87506.) ■*- 2 « L93753. 

*2. Extract tlie cube root of 91125. An*. 45. 

3. Find the value of ? \/h. Am. .89443. 

4. Extract the fifth root of .075. Ans. .51J5W>. 



5. Find the value of ' ;. 37. 5 X (.78 )* Ans. .070317, 
\ 12.5x5.9 




PLASJu TUWOMlMLTJiY. 



Si 



TRIGONOMETRY. 

28. Definition and Classification. 

Trigonometry is that branch of Mathematics which 
treats of the solution of triuiu 

Trigonometry is divided into two brunches — Plane 
and Sphk 

PLANE TRIGONOMETRY. 
29. Definition. 

Plane Trigonometry is that branch of Trigonometry 

which treats of the solution of plane triangles. 



Mi Parts or n Triangle. 

Every triangle has six parts— three sides and three 

If three part* are given, one being u side, the ra- 
sing parts can be computed. 
If the three angles only are given, the triangle is 
terminate, since an infinite number of similar 
triangles will satisfy the conditions. 

31. Sexagesimal Division of Angles and Ares. 

The horizontal diameter, P, called the primary du 
. and the vertical diameter, 
<)' V. called t. ''try (ftOfl 

the cirenmference into four 
oqnal parts, called quad rants. 

O is the/ir ' giwufrowf, Cf Pthe 
. /'/' the '/<<«/. and P' O the 

Umrih. 



o' 
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A degree is one-ninetieth of a right angle, or of a 
quadrant. 

A minute is one-sixtieth of a degree. 
A second is one-sixtieth of a minute. 
ThQS, 25° 34' 4(5" denote 25 degrees, 34 minutes, and 

4(i seconds. 

An angle, whose vertex is at the center, lias the 
sune numerical measure, or contains the same, number 
of degrees, minutes, and seconds, as the arc of the 
circumference, intercepted by its sides. 



8Si Centesimal Division of Angles and Arcs. 

A grade is one-hundreth of a right-angle, or of a 
quadrant. 

A minute is one-hundreth of a grade. 
A second is one-hundreth of a minute. 
Thus, 7' 24' 4(T denotes 7 grades, 24 minutes, and 
40 seconds. 

10* V - 50 ' l» ^ 
1 " " 9 ' 27 ' " " 81 * 

10 ~50 ' 260' 

Let (I, fft, 8, respectively, denote an angle express* 
in degrees, sexagesimal minutes and seconds, and let 
tu ,«, -i, respectively, denote the same angle expressed 

in grades, centesimal iiiimites aiid snuntls, thru ex- 
pressing the ratio of the angle to u right angle in 
each kind uf units, we shall have: 

d _m_ 

VIM I 



90 100 



10000 &MUU0 100OOOU 



' > 



-s* 



10 , 50 



M 

M __ I 

260 

•2.-.H 
- M 



PLANE TRIGONOMETRY. 25 

Let r denote the radius, and w=3.14159265358979... 
rr= a semi-circumference = 180° — 200* = two right 
angles. 

-£- r = a quadrant — 90° = 100* = one right" angle. 

2 - r - - a circumference = 360° = 40O = four right 
angles. 

If r = l, the above expressions become, respectively, 

33. Unit of Circular Measure. 

The unit of circular measure is that angle at the 
center whose intercepted arc is equal in length to the 
radius. 

Let v. denote the unit of circular measure, and r the 
radius. 

Then, since jrr = the semi-circumference, ru = 180° 

= 200. 

180° 200" 

u = ^-=57°. 29577951 ..=—=63'. 6619772... 

■n tt 

Let d, <7, c, respectively, denote the number of 
degrees, grades, and units of circular measure in an 
angle; then, 

,180 200 ir . v 

<* = — r, 9 = ~ c, c = T80 rf ' '~S0* 

34. Origin, Termini and Situation of Arcs. 

The origin of an arc is the extremity at which it 
begins. 

The primary origin of arcs is at the right extremity 
of the primary diameter. 

The secondary origin of arcs is at the -upper extremity 
of the vertical diameter. 
S. K. a. 
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The terminus of an arc 16 the extremity at which 
it ends. 

An arc is Paid to be situated in 
that quadrant in which its ter- 
minus is situated, thus: 

The arc VT is in the first quad- 
ra tit. 

The arc 0(/T' is in the second 
quadrant. 
The aw OPT" i.^ in the third quadrant. 
The ore OPT m is in the fourth quadrant. 




35. Positive and Negative Arcs- 
Positive arcs arc those whieh are estimated in thn 

direction contrary t<> that of the motion o( the hands 

Of a wnti'li. 

Negative arcs are those which are estimated in 

fli^ same direction at that of the motion of the hands 

of a watch. 

Tim-. <>T. >)T\ i)T", OT'", estimated (,„ fee Iff. 
an positive, and <)T'", OT", OT\ OT, estimated to 
the right, an- negative. 

■U\. The C'oni|di-iii(Mi( of* an Arc. 

The oomplement of an an- or aogla ifl CIO rninu* thai 
i c or angle. 

If tii- an or angle ie lose than 00°, its comple- 
ment ia /■■ ntipe, 

if the an- or angle u greater than 6©*, Eta eomplo- 
tnenl i- negative. 

The complement of an arc, geometrically oonridi rod, 
is til- 1 am estimated from the terminus <»f the piven 
to tii" secondary origin. Therefore, by the preced- 
ing article, the complement <>f an are will be positive 



VJOSS. 
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or negfttiv. , ...< the arc is k*s or gre 

To' - it of OT, and la positive. 

T'U' is the oompli -in. ht of OT', ami is negative. 
T"< >' u the oomph UK-lit of OT", mid is negative. 
T'"0' is the complement of OT'", and la negative. 

37. The Supplement of an Arc, 

The supplement of an arc or angle is 180° mi huh 
that arc or angle. 

If tho arc or angle is less than 180°, it- supple- 
ment is poati\ 

U the aw ax angle is greater than 180°, ita sopple- 
uhii!. is H£gativ€ 

The supplement of on arc, geometrically considered, 
i- the aw estimated from the terminus of the given 
to the left-hand extremity of the primary diametei 
Therefore, by article 35, the supplement of an arc will 
1m? positive or negative, according as the are in loss or 
greater than 180°. 

TP is the supplement of OT, and is positive. 

T'V is the supplement of OT', and is positive, 

T"P is the supplement of OT", mil i< in-jrative. 

T'"P is the supplement of <>T"\ and ie negative. 



TBIGONOMKTBTCAL FUNCTIOSa 
38. Preliminary Definitions and It^iiiarks. 

1. A function of a quantity is a quantity trh< ,- v;dur 
neb on the (riven quantity. 

2. The trigonometrical functions, called also 
fknc&mt, are auxiliary linos, which .-in- Functions "I 

ire or of the angle which 1 
arc. 
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3. These fu notions are eight in number, and aro 
called the «ti med-Hntj ttKVMd-MfU, tangent^ 

>-,->, t,itff),t ) s,r*ttit and co-arrant, which are abbreviated 
thus, ll«. 00S, MTB, a>nr<. fan, '""'. 80?, COSCC. 

4. The sedation of triangles is accomplished by the 
aid of these functions, since Miry enable us to ascertain 
ili" relations which exist between the sides and angles 
of triangles. 

5. The primary origin will be taken as the common 

origin of the arcs, unless the enntran 18 stated. 

fl. Tlie origin of any arc, wherever situated, may be 
considered the primary origin of that arc; and iis boo* 
ondary origin is a auadrant'8 distance from the primary 
origin, in the direction of (he positive or negative arcs, 
according as the given an-. La positive or negative. 

7. An arc will be considered positive unices the nm- 
trary is stated. 

8. The primary diameter passes through the primary 
originj and the secondary diameter, through the 
ondary origin. 

9. Lines estimated upiwrd, toirard the nj/fit t vr t 
tfic center toward the temUnuH if the arr t arc considered 

10. Linos estimated <h>trnir<tr<1, tOUXtrd (he /<;'/. W fffln 

the confer and Hu terminus oj the arc, rm considered 
negatt 

11. The limiting value* of the circular functions nrc 
their value* for (he area 0° B 90°, 180°, 270°, 860°. 

11!. The sign of a varying quantity, Up to a linn!, 
is Its sign it the limit. 

Lft. Point out positive arc-' in the following diagram, 
and the origin and terminus of each. 

11 Point out negative area, the origin, terminus and 
primary diamefc r of each. 

15. Point out the positive tinea, also the negative. 



noy& 
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39. The Situ* of nu Arc, 




r 



The sine of an arc i-. the perpendicular distance < >f its 
terminus from the primary diameter, 
MT ia tlic sine of the urc or. 
MT' is the sine of the arc OT. 
M T" ia the sine of the arc 07". 
:"' is the sine of the arc 02"". 
3j the arce OT and or", wo are 
to understand th area, and 

the negative urea designated by 
the same letters. 
The sine of an arc ia the sin.; of the angle met 

arc. 
Thus, fcfT, the Bine of the mv- n]\ is the sine of 
which i« measured by the an OT; 
ami similarly i»>r the other arcs and angles. 
Tiu arcs OT and OT' are in the first and a 

i • livi Iv, and their sines M T and 
,1/ 7 rtimated upteartf, and are therefore poeftfot; 

on ore rn (/' //'■-' or aa&noj iruadrafU b 
' as. 

The arcs Of" and OT"" are in the third and 
rth quadrants, respectively, and their sines, M' T" 

MT", an estimated dotcntcanlj and an thore- 
bence, 

77i/* A/';;/- "j ,m arc in the third or fourth yuadn 

Let the chord TT' be parallel to the primary diame- 
ter OP, then will JirT" be equal to MT, and the aro 
; be equal to the arc T'Pj but the an- PJ" 
b the supplement of the arc OT'; therefore, the are 
OT supplement of the arc OT'; but MT\ 
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the sine or the arc 0T\ is equal to MT, the sine of 
tin- arc Or, the supplement of 07*'/ hence^ 

77/': BUM uf fftfl iin £l <y si fa //if nne (>/' ifa tsupplemi at. 

The B1UC of 0° is 0. As the are increuses from 0° 
to 90°, the sine increases from to +1. As the an* 
i uncases from 90° to 180°, the sine decreases from -j 1 
to -0. As the arc increases from 180° to 270°, the 
sine passes through 0, changes its sign from -f to — , 
and increases numerically, but decreases algebraically 
from — to — 1. As the arc increases from 270° to 
3G0°, the sine decreases numerically, but increases al- 
gebraicolly from — 1 to — 0. 

Hence, for the limiting values of the sine, we hare 
sin 0° = 0, Bin W)° = -\ 1, sin ISO - -f 0, 

Bin 270° = — 1, sin 3«0° = — 0. 

40. The Co-siue of an Arc. 



1 






7 




„,. 


'/. 








X 
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The co-sine of an arc is the perpendicular diftum 
of its terminus from the secondary diameter. 

AT is the co-sine of the arc OT. 
NT' is the eo-eino of the arc OT'. 
N'T" ia the co-sine of the are OT". 
N'T'" is the eo-sine of the are <>T"\ 
The arcs OT and OT'" are in i In- 
first and fourth (juadrunts, respective- 
ly, and their ao-rinea NT and N'T'" 
are estimated toward the right, and are therefore pan* 

tf'rr; hrncc, 

7V/< ro-ainc of an arc in the first or fourth quadtwU Hi 
pomtiw, 

Th<- orOfl OT 1 and OT" are in the second and third 
quadrant^. rr-]v-tively, and their co-sines, AT' and 
N'T", arc estimated toward the left, and arc therefore 
'a<7 hence, 



'/«..\, 



::i 



or third qvad 
■ 
Tin nasi Ei ;m ahbtw lotion of i 

mpli m< iii. In (act, .V'/', the 

i Of, i- the Bine of 0T, the ooapleinonl of 

O'T, hi new, 

J//, of or, is the Bo-eine oj ov, tin 

1 "/'; hence, 

Bince ti; tw is perpcndioular to the 

77", AT and AT' arc numerically equal; bat ranee 
AT i- --! mciti'tl toward the right, and NT' toward 
the left, they have contrary signs; hem NT — JVT'; 
but NT \< the eo-einc of OT, and OT" Is the- oo-eJna 
r . the supplement of OTj hence, 

TV.c « t-n'ru -/ "" ore U equal to ml huh the cosine of it* 

It i? evident that CN is equal t<i the Bine of 03T, 
..r of 07", and that CAT' is equal to the sine of "V", 
or of OT m j hence, 

7"^ line rjf an on fa emtai to that part o/ t/ks aaeonciaty 

n //., emfcr to the/not if the nt-Mtur. 
t is evident thai CW U equal t«> the cosine of W, 
or of OT". and that CM 1 is rqual to the co-sine of 
OT $ <»r of OT"; hence, 

/'/,/■ oxifu ' : '" "// nrc u pguol /** that part oj the primary 

■ mi tfu center to the foot of the tine. 
The DMine ol 0° ia I. As the are. increase* from 
0° t*i 90°, the co-sine decreases from -|- 1 to -f 0. Ah 
the an increases from 90° to 180°, the co-eina pai 
througb 0, c] s sign from -f to — , and increases 

numericolly, bul do reasea algebraically from — to 
— 1. As the an in reu - from 180° to 270°. tb 

reuses numerically, but iucrcuM ■> ;.!-.- hraieallv 
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from — 1 to — 0. As the arc increases from 270° to 
360°, the co-si no passes through 0, changes its sign from 
— to -f, and increases from -f- to 4 1. 

Henoe, lor the limiting values of the co-sine, we have 
cos 0° — + 1, cos 90° - + 0, cos 180° = — 1, 

i s « 270° = — 0, cos 360° =+ 1 

41. The Vcrscd-Sino of an Arc. 

The versed-sine of an arc is the perpendicular dis- 
tance of the primary origin from 
the sine. 

M0 is the 9 he of the arc 

"T. iind of the .ire 07"". 

)t'f) is fctu rersed^BJn* of the arc 
07", and of the arc OT". 

The v< : "f An iire, in any 

quadrant, ifl estimated to the right, and is therefore 
■ henoe, 

y/i/ Ewraod-wM u oJtntye poo&fie 

The venecMne of 0° is 0. As the are increases from 
0° to 90°, the versed-sine increases ir«»ni t<> r i. As 
the arc increases from 90* i" 180°, the vened-sine in- 
creases from -f l to -f2. As the are Lai i*"° 
tn 270°, tii* versed-sine decreases from 4- 2 to 4- 1. As 
the arc increases from '270° to 360°, the wrsed-sine 
decreases &oin \ 1 to 4- 0. 

Henoe, the limiting values of the veraa&sine are 
vers 0° =0, vers 90* =+ 1, vers 180° — 4-2, 

ven 270° = 4- 1, ran M0° ^4-0. 

Wliat are the least and greatest wloBB of tin- sine, 
and what are the corresponding arcs? 

\V\u\t are the least and greatest values of the co-sine, 
and what are the corresponding arcs? 

What aw the least and greatest values of the verscd- 
sinc, and what are the corresponding arcs? 
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42. The Co-versed-sine of an Arc. 

The co-versed-sine of an arc* is tbfl | «'r|.<-n(licular dis- 
tance <.»f the Beoondary origin from the <-»>- 

Thus, MS diagram Of the Last article, NO is the eo- 
versed-sine of the arc "/', and of the art- OT ; N'& 
is the eo-verscd-sinc of the arc QT' % ami of the arc 

The d due of an arc in any quadrant is esti- 

mate iid is therefori h< ace, 

7V cormcd-aine \ positive. 

The word eo- ia an abbreviation of flMnpfo 

.-/,,,-, the '■//•>*(/ nr tnm.it tine of the com- 
|il-nii Hi. In fact, A*'/, the co-versed-sine of "7*, is the 
vcraed-eine d OT, the oomph meat of OT; hence, 

The iru oj an arc u the r> ><f it* rorrt- 

3fO, the versed-sine of ()T 3 is the co-versed-sine of 
OT, the complement of 07V hence, 
7V c ■-.«■:-. -/..■'. qf an arc ia tfa an* 
plaru 

The l-eine of 0° is 1. As the arc in 

from 0° to 90°, the co-vcreed-eine decreases from + ' to 
A- the arc Lncreaaea from 00° to 180°, the oo- 
from -r to H 1. As the arc ift- 
180° to 270°, the co-versed-sine incre 
1 to 2. As the arc increases from 270° 
the co-versed-sine decreases from • 2 to -|-1, 
the limiting values of the co-versod-eine are, 
1, .overs 90°=- (0, covers 180° = + 1, 
•2:0° =4-2, covers 360° = + 1. 
What are tl • least and greatest values of the ©0* 

im. uti'l what ure the <'<>rrespondxpg arcs? 
Trace the arcs from 0° to 360°, and the changing 
■una. 
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43. The Tangent of an Arc. 
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The tangent of an arc is the perpendicular to the 
primary diameter, produced from the primary origin, 
till it meets tin- prolongation of the diameter through 
the terminus of the arc. 

OR is the tangent of the arcs OT 
and OT". 

uR' is the tangent of the arcs OT' 
and OT'". 

The arcs OT and OT" are in the 
lii>i and thin! quadrants, respectively, 
and their tangent, 0R r is estimated upuxtrd, and is 
therefore positive; hence. 

The tangent of an are in the fird or third quadrant m 
poeitim. 

The ares OT and OT"' arc in the second and fourth 
quadrants, respectively, and their tangent, (>li\ ia 
timatcd doirmcartl, and is therefore negative; hence, 

The tangent of an tire tn the BCraml or fourth quadrant w 

negative* 

Let the arc OT be equal to the are T'P. Then, 
since T'P is the supplement of 07", OT will be the 
supplement of OT'; but the are T'"0 is the sup- 
plement of OT'; hence, OT — T'"0 1 and the angle 
OCT is equal to the angle OCT"*. The angle CO/? 
is equal to the angle COR*, sines each is a right 
angle. Hence, the two triangles O0# and COT? have 
two angles, and the included Fide of the one equal 
to two angles and the Included Bids of the other, each 
f ..i each, and are therefore aqua] in all their parts. 
Hence, OR 1 opposite the angle OCR, is equal to O/f, 
opposite the equal angle Off!' Binoe OR is esti- 
mated njnmrd, and OK rfowmwini, they have contr.irv 
signs; hence, OR = — OR'. Rut OR Is the tangent 
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ef the an OT, and OR ie the tangent of the arc OT', 
the supplement of OTj benoe, 

The /.I,,./ the tangent of 

■ 
The tAQgent of 0° is 0. As the are increases fnun 
0° to 90°, the tangent inereaKos from to -f x. Afl 
thf are increases f n »ni 90° t<> 1-50°, the tangent pa 
through oc, changes itfl sign from -f t<» -, ami «!<■- 
numerically, but inereases algebraically \ 

— dc to —0. As the are increases from 180° to 270° T 
the tangent [lasse* through 0, changes its sign from 

— to -h, and increases from -f to -f *. As the RN 
inereases from 270° to 360 6 , the tangent patflBt thr"iigh 

changes Eta sign from -+- to — , and decreases nil- 

Tmiii all v, but increases algebraically from — on to — 0. 

Hence, for the limiting values of the tangent we have 

tan 0° = 0, tan 90° = 4- oo, tan 180° = — 0, 

270° = -f co, tan 360° = — 0. 



44. The Co-tangent of an Arc. 



The co-tangeat of an arc is the perpendicular 1<» the 
mlarv diameter, produced from the secondary origin, 
till it meets the prolongation of the diameter through 
the terminus of the arc. 

99 is the co-tangent of OT and OT". 
' i> the co-tangent of 0T' and OT'". 

The arcs OT and 0T" are in the first and third 
quadrants, respectively, and their co-tangent, OS, i« 
< etiniat 1 to the right, and is therefore pomiroe; hence, 

The - ' of an arc in (he first or third quadrant 

The arcs OT and OT'" are in the second and fourth 
■■Irani.-*, reap (lively, and their co-tangent, (X8\ ie es- 
timated to the Uft, and is therefore . hence, 



::.; 
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Thr !'"-(<( n <jc at oj tin <nr in Uic second or fourth quadrant 
is negative 

Tlit- word CoJungtnt i^ an abbreviation of com/tlcmciiti 
tang&n$ t the tangent of the oomplament. In fact, (fs t 
the co-tangent of 07', i» the tangent of 0"1\ the com- 
plement of OT; hence, 

'/'/,«■ c&4an<pnl qf am aw u to fcmgwif e/iVa ewaptondrtf. 

Off, the tangent of Cr, is the co-tangont of </7', the 
complement of 07*; hence, 

7V UiiKf nt "f qm arc /■-- /A' >>> f mgent of kt compfam <>'. 

Let the arcs 'JT and T'P be equal. Then, si lire 
T7* is the supplement of OT', OT will be the supple- 
ment of 02". 

The arcs (J'T and 0'7" are equal, since they are 
complements of the equal arcs 0T and 7"/*; henoe, 
the angles (/C2* and cfCT', measured by these equal 
, itre equal. The angles COS and < "S' are equal, 
since earl i is ;i riirht anjrlp. Hence, the two triangles 
rr/s and ' •/>" have the common side C0\ and the 
two adjocon( angles equal, and an therefore equal in 
all their parte; :m<\ O'.S', opposite the angle tfC8y is 
equal to *'' s ", opposite the equal angle tics'. 

Since ft's is estimated to the rtyftt, and '*>'>" to the 
A-"', they have contrary signs; hencp, t/S— — 0>". 
But ",s is the co-tangent of OT, and (W is the eo- 
tangent of 07", the supplement of f>7\* hence, 

Ww a taiupi at of mi arc is aptaJ /o srinus I&i ofrtanpanl o/ 
| p£ nk "'. 

The oo-tangent of 0° is -foe. As the are incre 
from O 3 to 00°, the co-tangent decreases from + oo to 
+ 0. As the arc irwraofles From 90 3 to 180*, the co- 
tangent passes through 0, changes its sign from 4- to 
— , and increases numerically, but decreases algebra- 
ically from — to - oo, As the arc increases from 
iso-' to 270°, the 00-taagent pasaee through do, chan 
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iia aijm from — to -I , and dccrrnacji I - to -f 0. 

in :!70 o to 380°, the co-tan 

tc — , and 
MUMVically, i><;t decree m dgcbnkollj from 

H»-u'.', tif- limiting rallies "f the co-tangent aro 
cot O- ^ + 0, cot WO" fc= - y. 

o, cot 300* = - 36. 

4.V Tin- Secant of iin Arc. 




The Meant *.f an are is the Hn.' drawn from Hi'' center 
circle to the terminus .1 the 
■.r 

ant .! or and OT". 

ant of 07" and OT'". 

The arm OT and Of" are in the 

d fourth quadrants, respect- 

and [heir secanta, CR : 1 1 1 < I 

• I from the center toward the tennis! 
in* the urcs, and are therefore positive; hence, 

TV a« "rr in the jir.-< of Jowih 'joi'd,* 

Tbe arcs OT' and 07"' are in tin second and third 
[} . and their secants, ( A" and I 7?, 

•in ll i renter, fnnn the termini of thi 
arc therefon 

an arc in the $eamd <>>- Utird qtiadranl u 

Lot the arm Of and fT be oqnaL Than, since 

T'V \* tbe supplement of 07", 07* ia the supplement 

'/". but T"n i 8 the supplement of Of'; therefore, 

7""0 is equal to "'/'. and tl i angle r M CQ> measured 

?'"u, ii equal t-. the angle 0C7 1 , mcaaared by the 

tl arc 07*. The right anglee COM and CO A" are 
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equal. Hence, in the triangles having the common 

side CO, and tin: two adjacent uncles equal, CR is 
ciual to Cli'y but CH t the secant of Ol\ is positive; 
and CH\ the BOcant of UT\ the supplement of OT t is 
negative; hence, CH= — CRj hence, 

7V want of an arc is equal to minus the secant of ila 

The eccant of 0° is -j- 1. As the arc increases from 
0° to 90°, the secant increases from + I to -f- oe. As 
the arc increases from 90 J to 180°, the secant passes 
through oo, changes its sign from -f- to — , and de- 
creases numerically, but increases algebraically from 
— co to — 1. As the arc increases from 1X0° to 27U°, 
the secant increases numerically, but decreases alge- 
braically from —1 to — x. As the arc tOCTUa— a from 
270° to AGO*, the secant panel through 90, ehanges its 

sign from — to -f , and decrown from -f- » to + 1. 
Heme, for the Limiting values of the secant we have 
B8C 0° = + 1, sec 00° - -f oc, sec 180° — — 1, 

sec 270 ' _ — *, sec 3fi0° = + 1. 

46. The Co-secant of an Arc. 



The co-secant of an nre is the line drawn from the 
cental of the alrolc t<i the terminus 
of the co-tangent. 

rs li the cosecant of oT and o7"\ 

r,s" is the <-.i-ser;mtrif uT and nT"\ 

The arcs (jT and (>']" are in the 
first and second quadrants, respect* 
i\'ly. and their co-secants CB and Off 
are estimated from Lin- center toward the termini of 
the area, and are therefore paattwe; henco, 

7V cO-MCOnl >>( an nrc in the fint or vectmtl tjmithauf 

</.T. . 
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The arcs OT' and OT" are in the third and fourth 

n.'S|ic< tivt ly, :inil their ro-Kirants, (X and 

cs', are estimated from the center and the termini of 

the WCBj and are therefore vrtjtitiir; hence. 

7V co front »/ an ore in Mr taird or Jburth quadrant 

»Ur>\ 

The word eo-wwwU i.- nn abbreviation <>f anAj&menlf 
Meant, the secant of the complement In fact, <">', the 
cosecant of 07', is the secant of </T f the complement 
of (>T; hence, 

7S« ro-Moini a/ an arc u ft MCOfU 0/ to eov^pfi next 
CR, the secant of 07 1 , is the co-secant of OT, the 
complement of 07/ hence, 

7V .vrn/( ( r/f an arr !■■ fir nwravt »f it* rompfrtncnl. 

Let the area OT and F'P be equal Then, since T*P 

is the supplement of OT', OT will be the supplement 

Of OT. ffT=VT' t since they arc complements of 

il arcs. Hence, the angle ffCT t measured by fhs 

are "T, is equal to the angle WCT', measured by 

the equal are O'T'. The right angles, cos and COS', 

ilia I. 

Hence, in the triangles having the common pide O0 % 
and the two adjacent angles equal, CS it equal to 
OS's but C8 is the co-secant of t*7\ and positive, and 
C5 1 la tli" co-secant of "7", and positire; bence, 

Tf»' tweeatit of an atv i> nymi/ to Me rtt-wrfiut of it* 

The Dc-Bccant of 0^ is -f- o°. As the are Increases 
from 0° lo !Hi°, the co-BPonnt decreases from ■ r (<• I 
As the arc increases from 90° t<» is<i\ the oo-seennt in- 
creases from | \ (<• + * As the arc increases from 
In 270 i the co-secant passes through >-. changes 
it- -i-.n From -I- to — , and decreases numerieallv. hut 
increases algebraically from - s, to — 1. As the are 
increases from 270° to 300°, the co-secant Increases 
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numerically, but decreases algebraically from — 1 to 
— go. Hence, the limiting values of the co-secant are 
cosec 0° = -f oo, cosec 90° = -f 1, cosec 180° = + oo, 
cosec 270°=— 1, cosec 360° = — oo. 

To aid the memory, and for convenience of reference, 
we give the following tabular summaries: 

47. Signs of the Circular Functions. 



Functions. 


ikq. 


M q. 


Mq. 


4M 7. 


sine. 


+ 


+ 


_ 


— 


co-sine. 


+ 





— 


+ 


versed-sine. 


+ 


+ 


+ 


+ 


co- versed-sine. 


+ 


+ 


+ 


+ 


tangent. 


+ 


— 


+ 


— 


co-tangent. 


+ 


— 


+ 


— 


secant. 


+ 





— 


+ 


co-secant. 


+ 


+ 


— 


— 



48. Limiting Values of the Circular Functions. 



0° 


90° 


180° 


270° 


3C0° 


sin = + 


sin =-f- 1 


sin =+0 


sin = — 1 


sin — — 


cos = + 1 


cos — -f- 


cos = — 1 


cos = — 


cos — -|- 1 


vsin= + 


vsin=+ 1 


vsin=-+-2 


V8in=:-f- 1 


vsin:=-f 


CV8 — + 1 


cvs — -f 


cvs =+ 1 


CVS r=+2 


cvs =+1 


tan = + 


tan =+ ocjtan = — 


tun =-\- oc 


tan =—0 


cot = + 0O 


cot =+0 


cot =— oc cot =+0 


cot = — OO 


sec = + 1 


sec =+ 00 


sec =— 1 


sec = — 00 


sec =~-\- 1 


cose — + 00 


cose=-f 1 


cose=+ 00 


cose = — 1 


rose— — 00 



NATURAL FUNCTIONS. 
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49. Problem. 

To find any Junction of an angle to the radius J?, in 
terms of the corresponding function of the name angle to the 
radius 1, and the reverse. 

Let sin C x denote sin C to 
the radius CT=1> and sin C M 
denote sin C to the radius 
CT'=R. 

From similar triangles, 

CT : CT' : : MT 
or 1 : R : : sin C\ 




M'T\ 
sin C m . 



(1) sin C M = 8inC t xR. 



(2) sin C, 



sin C, 
R 



Let formulas for other functions be deduced; hence, 

1. Any function of an angle to the radius R is equal to 
the corresponding function of tfie same angle to the radius 
1, multiplied by R. 

2. Any function of an angle to the radius 1 is equal to 
the corresponding function of the same angle to the radius 
Rj divided by R. 
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50. Description of the Table. 

This table gives, to the radius 1, the values of the 
sine, co-sine, tangent, and co-tangent, to five decimal 
places, for every IC from 0° to 90°. 

For sines and tangents, the degrees are given in the 
left, column, and the minutes at the top. 

For co-sines and co-tangents, the degrees are given in 
the right-hand column, and the minutes at the bottom. 
8. N. 4. 
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51. Problem. 



To find the natural sine, CPMAtf, (>mgent t or co4antjnit 
a tjiro) arc or angle. 

Let us find the natural sine of 35° 42' 24". 
The difference between the natural sines nf 35° 40' 
kd 35° 5<y, as given in the table, is .00236. Now 
24" = .24 of Itf, which is found thus: 60 24 

10 2.4 
.24 

Then take Nat sin 35° 40'- .58307 

Correction for 2' 24" = .00236 X .24 ^ .00057 

. • . Nat sin 3-5° 42' 24"= .58364 

In cue of co-sine or co-tangent, the correction must 
subtracted, since, between 0° and 90°, the greater 
he ingle, the less the co-sine and co-tangent. 

68. Examples. 

1. Find the natural sine of 75° 45' 30". 

Ann. .96927. 
± Find the natural co-sine of 15° 36* 12". 

Am. .96315. 

3. Find the natural tangent of 43° 33' 18". 

Am. .95079. 

4. Find the natural co-tangent of 84° 28' 30". 

Am, .0967a. 



53. Problem. 

To find the angle eorrenponding to a given natural Bine, 
i Q-trinc, tangent, nr cn-lnnyent. 

I. Find the angle corresponding to the natural sine 
.507.54. 

Looking in tin- table vve find the angle 30° 80 
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2. Find the angle whose natural sine = .82468. 
The next less sine, sin 55° 30* = .82413. 

Difference = 66 
Difference corresponding to 10* — 164 

. • . Correction = 10 X Tin ^ 3' 21". 
164 

. • . Angle = 65° 30* + 3' 21" = 65° 33' 21". 

In case of co-sine and co-tangent, the angular differ- 
ence must be subtracted, since the greater the co-sine 
or co-tangent, the less the angle, for values between 0° 
and 90°. 

54. Examples. 

1. Find the angle whose sine is .75684. 

Am. 49° 11' 13". 

2. Find the angle whose co-sine is .67898. 

Am. 47° 14' 10". 

3. Find the angle whose tangent is 1.34667. 

Ans. 53° 22' 59". 

4. Find the angle whose co-tangent is .98765. 

Am. 45° 21' 22". 



TABLE OF LOGARITHMIC FUNCTIONS. 

55. Description of the Table. 

The table of logarithmic functions gives to the radius 
10,000,000,000 the logarithm of the sine, co-sine, tangent, 
and co-tangent, for every minute, from 0° to 90°. 

The expression, logarithmic sine, tangent, etc., is equiv- 
alent to the logarithm of the tine, of the tangent, etc. 

For sines and tangents, the degrees are given at the 
top of the page, and the minutes in the left-hand 
column. 
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For co-sines and co-tangents, the degrees are given at 
the bottom of the page, and the minutes in the right- 
hand column. 

The columns marked D 1" contain the difference 
for 1". 

66. Problem. 

Find the logarithmic sine of 48° 25' 30". 

log sin 48° 25'= 9.87390. 
D 1" = .19. . * . Corrcc. for 30" =- . 19 X 30 .-- 6 

. •. log sin 48° 25' 30"= 9.87396 

In case of co-si nc or co-tangent, the correction must 
be subtracted, since between 0° and 90°, the greater the 
angle, the less the co-sine and co-tangent. 

57. Examples. 

1. Find the logarithmic sine of 75° 35'. 

Am. 9.98610. 

2. Find the logarithmic sine of 25° 40' 24". 

Am. 9.63673. 

3. Find the logarithmic co-eine of 29° 55' 55". 

Am. 9.93782. 

4. Find the logarithmic tangent of 50° 50' 50". 

Am. 10.08927. 

5. Find the logarithmic co-tangent of 65° 45' 30". 

Am. 9.65349. 

W. Problem. 

To find the angle corrc*j*mtling to a given logarithmic 
8ine t co-nine, tangent, or co-tangent 
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Find the angle whose logarithmic Bine = 9.84567 
For next less we have sin 44° 3C= 9.84566 



D 1" = .21 . • . Correc. = 1" X -£j = 5", .21)1.00(5. 
.-. Angle = 44° 30* 05". 

In case of co-sine and co-tangent, the correction for 
seconds must be subtracted, 6ince the greater the co- 
sine or co-tangent, and consequently the greater the 
logarithm, the less the angle for values between 0° 
and 90°. 

59. Examples. 

1. Find the angle whose logarithmic sine is 9.98437. 

Am. 74° 43' 17". 

2. Find the angle whose logarithmic co-sine is 9.78456. 

Am. 52° 29' 19". 

3. Find the angle whose logarith. tangent is 10.12346. 

Am. 53° 02' 11". 

4. Find the angle whose logarith. co-tangent is 9.99999. 

Am. 45° 00" 03". 

GO. Problem. 

Given any natural /unrfion, to find the corresponding 
logarithmic Junction. 

1st Solution. 

Find from the natural function the corresponding 
angle; then, from the angle, the corresponding loga- 
rithmic function. 

2d Pot.ution. 

Let a denote any arc or angle, /(n)i any function 
of a to the radius 1, and /(«)* the corresponding 
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function of a to the radius R. Then, by article 49, 
we have, 

Substituting the value of R in the second member, 
/(o)i=/(a), X 10,000,000,000. 
.'. log/(a),= log/(a), + 10. 
Hence, Add 10 to the logarithm of the natural function. 

61. Examples. 

1. Given nat. sin a = .98457, required a and log 
sin a. Ans.a = 79° 55' 25", log sin a «= 9.99325. 

2. Given nat. cos a = .63878, required a and log 
cos a. Ans. a = 5Q° 17' 52", log cos o = 9.80536. 

3. Given nat. tan a = 1.68685, required a and log 
tan a. Ans. a = 59° 20 23", log tan a = 10.22708. 

4. Given nat. cot a = 1.41987, required a and log 
cot a. Ans. a = 35° 09' 24", log cot a = 10.15225. 

62. Problem. 

Given any logarithmic function, to find the corresponding 
natural function. 

1st Solution. 

Find from the logarithmic function the correspond- 
ing angle; then, from the angle, the corresponding 
natural function. 

2d Solution. 



From article 49 we have, 

.-. log /(a), = log /(a),- 10. 
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Hence, Subtract 10 from the logarithmic function, and find 
•Ac number corresponding to the resulting logarithm. 



63. Examples. 

1. Given log sin o = 9.87654, required a and nat. 
sin a. An*, a = 48° 4ff 44", nat. sin a = .75255. 

2. Given log cos a = 9.84877, required o and nat. 
cos a. An*, a = 45° 05' 41", nat. cos a = .70595. 

3. Given log tan a = 10.22708, required a and nat. 
tan a. An*, a = 59° 2tf 23", nat. tan o= 1.68685. 

4. Given log cot a — 10.15225, required a and nat. 
cot a. An*, a = 35° Off 24", nat. cot a = 1.41987. 

RIGHT TRIANGLES. 



64. Principles. 

PB : PK : : HB : AflT, 

or A : 1 : : p : sin P. 
BP : BR : : HP : SR, 

or h : 1 : : b : sin /?. 




T MX 



.*. 0) 




(2) 



sin P = 



sin £ 



1. Either side adjacent to the right angle is equal to the 
sine of the opposite angle multiplied by the hypotenvse. 

2. The sine of either acute angle i* equal to the opposite 
side divided by the hypotenuse. 
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Since the angles P and B are complements of each 
other, sin P — cos B t and sin B — cos P; .*. (1) and 

0) become, 



(3) 



p = h cos B. 



b = h cos P. 



and (4) 



cos £=£. 



COS P=T- 



3. Either side adjacent to the right angle is equal to the 
cosine of the adjacent acute angle multiplied by tlie hypot- 
enuse. 

4. The co-nine of either acute angle is equal to the adja- 
cent side divided by the hypotenuse. 



PH : PN : : HB : 


<VL, or 6 : 1 


: : p : tan P. 


BH : BT : : IIP : TQ, or p : 1 : : 6 : tan B. 


ip = b tan P. 1 

(5) j 

J 6=p tan 2?. 


- .-. (6) < 


■-Mr) 

tan B=t 1 



5. Either side adjacent to the right angle is equal to the 
tangent of the opposite angle multiplied by the other side. 

6. The tangent of cither acute angle is equal to the oppo- 
site side divided by the adjacent sule. 

Since the angles P and B are complements of each 
other, tan P = cot B, and tan B — cot P; . • . (5) and 
(6) become, 



(7) 




and (8) 



cot B=^ 



cot P= — 
P 



7. Either side adjacent to the right angle is equal to the 
co-tangent of the adjacent acute angle multiplied by the 
other side. 



RIGHT TRIANGLES. 



49 



8. The co-tangent of either acute angle is equal to the 
adjacent side divided by the opposite side. 

BT :: BP : BQ, or p : 1 : : h : sec B. 

: PL, or b : 1 : : h : sec P. 




(10) 



sec B = — 
P 

secP={. 



9. Either side adjacent to the right angle is equal to 
the hypotenuse divided by the secant of the adjacent acute 
angle. 

10 The secant of either acute angle is equal to the hypot- 
enuse divided by the adjacent side. 

Since the angles B and P are complements of each 
other sec B = cosec P, sec P~ cosec B; .-. (9) and 
(10) become, 



(H) 



P= 



b = 



cosec P 
h 

cosec B 



and (12) 



cosec P= — ■ 
P 

cosec B = ~r- 
o 



11. Either side adjacent to the right angle is equal to the 
hypotenuse divided by the cosecant of the angle opjxisite 
that side. 

12. The cosecant of either acute angle is equal to the 
hypotenuse divided by the side opposite that angle. 

Scholium. By some authors, principles 2, 4, 6, 8, 10, 
and 12, have been given in the form of definitions. 

Introducing radius into these formulas, by substitut- 
ing for any function to the radius 1, the corresponding 
function to the radius R divided by P, and reducing, 
we have : 

8. N. 5. 
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h sin P 



(1) 



(3) 



(5) 



(7) 



(9) 



(11) - 




6 cot B \ 



R 

. p cot P 



p = 

ft = 

6 = 



i2A 



sec i? 
sec P 

cosec P 
Hh 



(2) 



(4) 



(6) 



(8) 



(10) 



(12) 



. ta p=t 



sinB = 



Kb 



...» 



C0SP= 



B6 



o 

tan B = — 

P 




cosec P= 



itt 



R Rh 




cosec B 
Applying logarithms to these formulas, we have: 

(1) / log j>=log A + Iog sin P— 10. ) 
I log ft = log k + log sin B — 10. J 

(2) / lo g 8in P- 10+ log p — log h. \ 
l log sin B = 10 + log ft — log A. J 

(3) / lo 8 P = lo 8 * + log cos £ — 10. 1 
I log ft -= log h + log cos P — 10. J 
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»{ 

(5) { 

(6) { 

<:,{ 

(8) { 

(9) { 
(10) | 

(ID { 
(12) { 



log cos B = 10 + log p — log A. ) 

log cos P = 10 + log b — log A. f 

log p = log 6 -j- log tan P — 10. ) 

log 6 = log p + log tan J5 — 10. / 

P=10 + log p — log b. 1 

JJ=10+log 6 -log p. ) 

z log 6 + log cot B — 10. ) 

= log p -f log cot P — 10. ) 

fl=10 + log p-log b. 1 

P = 10 + log & — log p. ) 

log p = 10 + log A — log sec 2?. \ 

log 6 = 10 + log A — log sec P. J 

B = 10 -f log A — log " p. \ 

P = 10 + log A — log b. J 



log tan 
log tan 

log p = 
log 6 = 

log cot 
log cot 



log sec 
log sec 



log 
log 



= 10 



+ log A — log cosec P. 



P 

b = 10 -f log A — log cosec 



log cosec P= 10 + log A — log 
log cosec B = 10 + log A — log 



F ,} 
f} 



65. Case I. 

Given the hypotenuse and one acute angle, required the 
remaining parte. B 

cB. v 

1. Given .[ h = 365, \ Requir. \ p. 
lP=33°12\J \* 

B = 90° — P--=90° — 33° 12 , = 56° 4ff. 

Either side adjacent to the right angle is equal to the sine 
of the opposite angle y multiplied by the hypotenuse. 

.'. p = h sin P. 
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Introducing radius, we have, p = — ^ 

Applying logarithms, we have, 

log p = log h -f log sin P— 10. 

log h (365) =2.56229 

log sin P (33° 120 = 9.73843 
log p = 2.30072 . \ p = 199.85. 

In like manner, from either formula, b = h sin B, 
or 6 = A cos P, we find 6 = 305.41. 

P= 40° 47' 40". 



f .r = 40" 47 4 



p 

£ = 62° 21' 10". 
1018.512. 
= 1944.364. 



66. Case II. 

0nvn the hypotenuse and one aide adjacent to the right 
angle, required the remaining parte. » 

1. Given J *~JJ* } Required | B. Y 



The sine of either acute angle is equal to the opposite 
side divided by the hypotenuse. 

Introducing radius, and multiplying by R, we have, 
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Applying logarithms, we have, 

log sin P= 10 -f log p — log A. 

logp (97) = 1.98677 
log A (112) = 2.04922 
log sin P =9.93755 .\ P= 60° OCT 17". 

2J = 90°-P=90° — 60° (XT 17" = 29° 59' 43". 

b=h sin B, or b = A cos P, .-. 6 = 55.991. 

We can also find b as follows: 



6 = Vh*--p* = V{k + j>) (A — ^). 
log 6 = i[log(A + j>) + log (A— p)]. 

( B = 25° 47' 07". 

2. Given j * = JJJJ' } Required J P= &4° 12' 53"! , 

(]> = 6545. 

(k 44441 (P=19°43'36". 

3. Given 1 _!!! \ Required < 5= 70° 16' 24". 

P ' U = 418.33. 



67. Case HI. 

Qiven one side adjacent to the right angle and one acute 
angle, required the remaining parts. 



vA. „ / 



B = 90° — P= 90° — 50° IS' 32" = 39° 41' 28". 
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Eithev xith' adJQMlU to the right angle in equal tn the tan- 
gnil of the opposite angle multiplied by the other ncfe 

.'. p=b tan P. 

Introducing radius and applying logarithms, as in 
the preceding cases, wc find ;>— 183.95. 

Either side adjacent to the right angle i<t equal to the co-tinc 
of the adjacent acute angle multijitied by the hypotenuse. 

b 



h = h cos P; 



h = 



COS P 



Introducing radius and applying logarithms, as above, 
-hull find h =239.05. 

p. / p — 3963.35 miles — the earth's radius, 

\ P— 57' 2.3"— the moon's horizontal parallax. 

Required h t the distance of the mum from the wth. 

An*. h= 238889 miles. 

o as f 7> — 3963.35 milc3 = thc earth's radius. 
\ P= 8.9" = the sun's horizontal pataDtt. 

Required h, the distance of the sun from (he earth. 

Ans. h = 91852000 milee. 



Scholium. Sin 8.9" = sin I' X 



&9 

00 



. • log sin 8.9"= log sin 1'+ log 8.9 -f ac log 60— 10. 



68. Caso IV. 

a the txco sides adjaeent to the right angle, required 
the renmining parts. „ 
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The tangent of either acute angle is equal to the opposite 
tide divided by the adjacent side. 

.-. tanP=£ 

Introducing radius and applying logarithms, we shall 
find that P = 38° 13' 28". 

2? = 90° — P=90° — 38° 13'28":=51 46'32". 

Either Me adjacent to the right angle is equal to the sine 
of the opposite angle multiplied by the hypotenuse. 

. ■ . p = h sin P. .'. h = 



sin P 

Introducing radius and applying logarithms, we find 
A = 47.466. 

( P=4° 44' 37". 
2. Given { £ = J* 7 * } Required \ B = 85" 15' 23". 
16 =8372.1. J (a =8401. 

(P- 44° 26' 17". 

8. Given \ * ~ ""' I Required^ J?= 45° 33' 43". 
I - KB. J ^ 144 _ 253 _ 



4Given { £=;<;£} "•**■*{£ 



P=47°39' 07". 
= 42° 2^ 53". 
A =2338.1. 
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69. Case I. 

Given one side and two angles, required the remaining 
parts. 

Let ABC be an oblique triangle, 
and let the sides opposite the angles 
A, B, and C be denoted respectively 
by a, b and c. 
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Let the angles A and B and the side a be given, 
and the angle C and the sides b and c be required. 

We find C from the formula, 

C=180° — (A + B). 

Draw the perpendicular p from the vertex C to the 
side c, thus forming two right triangles. There are 
two cases: 

la*. When the perpendicular falls on the side c. 

From the principles of the right 
triangle we have, b 

p = b sin A and p = a sin B. 
. ■. 6 sin -4 = a sin i?. 

. • . (1) Bin A : Bin B n a : b. 

2d. When the perpendicular falls on c produced. 

p = b sin A and p = a sin CBD. 

But CBD is the supplement of 
CBA, or B of the triangle. Since 
the sine of an angle is equal to 
the sine of its supplement, x ^- « — b 

sin CBD = sin B; .'. p = a sin B. 

. *. b sin A =a sin B. 
.•. (1) sin A : sin B : : a : 6. 

In like manner we may find, 

(2) sin A : sin C : : a : c. 

Hence, Tft« nne o/ Me an^ opposite the given side is to 
the sine of the angle opposite the required side as the given 
side is to the required side. 

Introducing radius by substituting for the function 
to the radius 1, the corresponding function to the 
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radius A' divided by R, and reducing, the proportions 
(1) and (2) wilt be of the same form as before substi- 
tution, and hence arc true for any radius. 
From proportions (1) and (2), we find, 

(3) b = a -4±4, (4) c = a -^-%. 
sin A w sin A 

Applying logarithms to (3) and (4), we have, 

(5) log 6 = log a -f log sin B + a.c. log sin A — 10. 

(6) log c = log a + log sin C + a. c. log sin A —JO. 



70. Examples. 

j*^ = 35°45'. 
1. Given \b = 45° 28'. 
la = 7985. 

C=180° — C4+£) = 180° — 81° 13' = 98° 47'. 

Since the sine of the angle opposite the given side 
is to the sine of the angle opposite the required side 
as the given side is to the required side, we have the 
proportion, 

a • n i . a B\Ti B 

sin A : sin B : : a : o, . ■ . 6 = — : r- • 

sin A 

.'. log b = log a + log sin B -f a. c. log sin A — 10. 

log a (7985) == 3.90227 

log sin B (45° 28') = 9.85299 

a.e. log sin A (35° 45') = 0.23340 

log 6 = 3.98866 . • . b = 9742.25. 

In like manner we have the proportion, 

. . « a sin C 

sin A : Bin C : : a : c t . * . c = —•-— j- • 

sin yi 
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. . \ log c = log a + log sin C + «. r. log sin A — 10. 

log a (7985) =3.90227 

log sin C (98° 47') =9.99488 

a. c. log sin A (35° 45') =0.23340 

log c = 4.13055 . • . c = 13506.88. 

In finding log sin 98° 47', take the supplement of 
98° 47, which is 81° 13', and find log sin 81° 13'. 



^ = 50° 30 , 40".'| rC= 58° 43' 50". 

2. Given { B = 70° 45' 30". } Req. < b = 585.2 yd. 






, -F - 

I a = 478.35 ytZ. J i r = 529.8 yd. 



t B = 65° 25' 35". } f ^ = 54 c 

3. Given < C = 60° 28' 34". V Req. < e = 11.' 

I 6 - 12.25 miles. J I a = 10.1 



£ = 65° 25' 35". •> M = 54° 05' 51". 

.72 miles. 
= 10.91 miles. 



71. Case II. 

Given two sides and an angle opposite one of them, re- 
quired the remaining parts. 

1. When the Given Angle is Acute. 

Let the sides a and b and the angle A be given, and 
the remaining parts be required. 

Let the perpendicular p be 
drawn from C to the opposite 
side. Then we shall have, 

p = b ein A. 

1st. If a > p and a < 6, there will be two solutions. 

For, if with C as a center and a as radius a circum- 
ference be described, it will intersect the side opposite 
C in two points, B and B, and either triangle, ABC or 
ABC will fulfill the conditions of the problem, since 
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it will have two Bides and an angle opposite our of 
then tli- sain.' us those given. Hence, there will be 
two notations if a has any value between the limita 

m1 4». 
feL If d^;>, there will be but one 

Fur, us rt diminishes and approaches 
/>, the two points B and // approach; 
and if n~p y B and if will unite, the arc will be tan- 
pent to r, and the two triangles will become one, and 
will be one solution. 

If a — h, there will be but one 
rotation- 

For, as n increases and approach - 
b, the points B and E Bope>rate 3 the 

\BC increases, and the triangle ABC d« n I 
and when a becomes equal to /*, the triangle AB'C van- 
ishes, end there remains but one triangle, or there is 
-•lution. 

Ath. If o > 6, there will be but one 

solution. 

For, although there are two tri- 
angles ABC and AVC % the latter is 
excluded by the condition that the given angle A is 
aeutt . rinee CAB" is obtuse, and there remains but 
one trianple ABC which satisfies the conditions, or 
there i a but one solution. 

6(& If a < ;>, there will be no 

it ion. 

For the are described with C as 
center and n as radius will neither intersect the oppo- 
i-|.- nor hi tangent to it. The triangl oan not 
bo constructed, or there will be no solution. 
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2. Whkn the <iivi:\ Angle is Obtuse. 

lit If n > h there will be but one dilution. 

For, although their an- two triangles ABC aud ABC, 
the latter is excluded by the condi- 
tions of the problem, since the angle 
CAS is acute while the given angle 

is obtuse. Then' remains but one 
triangle, ABC, which satisfies all 
the conditions of the problem, or there is but one pos- 
sible solution. 

2d. If a = b there will be no solution. 

For as n diminishes and approaches b, B will ap- 
proach A\ and when a becomes nqu.il 
to 6, B will unite with A, mid the 
triangle ABC will vanish. The tri- 
angle ABC will remain, but will be 
noted by the conditions of the 
blem, ainee the angle CAB' is acute while the given 
angle is obtuse. 

od. If i\ <fc there will bo no solutiou; for then, 

H " > p there will be two tri- 
angles, AU'r and Ai:"f\ but both 
are excluded by the condition that 
the given au^le is 

If <r p the two triangles reduce 
to one, right-angled at B, which is 
excluded by the condition that the 
given angle is obtuse. 

If a < ;> no triangle can be eon- 
1 with the given parts, and 
Mil n will be as lolution. 
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72. Summary of Results. 

1. When A < 90°. 

Two Solutions, If a > p and a < b. 

f 1st. If a=p. 

One Solution, < 2d. If a = 6. 

I 3d. If a>*. 

No Solution, If a < p. 

2. Wfe» i4 > 90°. 

One Solution, If a > b. 

U. If a ^ 6. 
2<f. If a < b. 



No Solution, \ 



73. Method of Computation. 

Reversing the order of the couplets of the proportion 
in Case I, we have 

(1) a : b : : sin A : sin B. 

Hence, The side opposite the given angle is to the side 
opposite the required angle t as the sine of the given angle is 
to the sine of the required angle. 

,- v ■ ,r»v • n b ein A 
(1) gives (2) sin B~ 

. ■ . (3) log sin B= log b -f log sin A -j- a. c. log a — 10. 

If there is but one solution, take from the table the 
angle B corresponding to log sin B; if there are two 
solutions, take B and its supplement R, for both cor- 
respond to log sin B. 

We find C from the formula, 

C=-=180° -(i4 + B) or 0=z 180° - (A + BT). 
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We find c from the proportion, 

a • r% a 8* n 

sin A : sin C : : a : c. . ■ . e = — ; — -.-- • 

sin ^4 

.-. log c = log a + log sin C+a. c. log sin ^1 — 10. 

74. Examples. 

1. GivJ 6 = 12.56. I Req.-J C. y^J \ 

1,4 = 30° 25'. i U. ,/// \ 



p — b sin A 

Introducing R and applying logarithms, we have 

log p = log b + log sin ,4 — 10. 

log 6 (12.56) = 1.09899 

log sin A (30° 250 = 9.70439 
logp =0.80338 .'. p = 6.3589. 

Since a > p and a < 6, there are two solutions. 

Since the side opposite the given angle is to the side 
opposite the required angle as the sine of the given 
angle is to the sine of the required angle, we have the 
proportion, 

> * • n t *\ b sin A . 
a : b :: sin A : sin B, .*. sin B = 

log sin B = log 6 + log sin A + a. c. log a — 10. 

log 6 (12.56) . = 1.09899 

log sin A (30° 250 = 9.70439 

a. c. log a (9.25) = 9.03386 

log sin B = 9*3724 .-. J B = WW4l". 

( &=- 136° 34' 19". 



OBLIQUE TRJUNQLE& 
C= 180° — {A + B) = 106° 9' 19", 
(ii + F) = 13° (X 41". 

a sin C 



C'= 180° 
sin A : sin C :: a : c f 



c = 



sin A 



log c = log a + log sin C -f a. c . log sin ^1 — 10. 

Taking the value of C, we have, 

log a (9.25) =0.96614 

log sin C (106° 9' 19") =9.98250 

a.c. log sin A (30° 25') = 0.29561 

log c = 1.24425 



c = 17.549. 



Taking the value of C", we have, 

log a (9.25) =0.96614 

log sin C (13° 0' 41") = 9.35246 

o. e. log sin A (30° 25') = 0.29561 

= 0.61421 



log c 



2. Given 



a = 20.35. 
6 = 20.35. 
A = 52° 35' 27". 



t a = 645.8. 
3. Given -| 6=234.5. 
1^ = 48° 35'. 



i 



a =17. 

4 Given-* 6 = 40.25. 

I ^ = 27° 43' 15". 



a = 94.26. 



Req. 



Req. 



Req. 



I 



B 



\ c = 4.1135. 

J5 = 62° 35' 27". 
C=74° 49' 06". 
c = 24.725. 

B= 15° 48' 04". 
C=115° 36' 56". 
e = 776.53. 



No Solution. 



f 38° 52' 46". 
\ 141° 7 14". 



.Given! 6=126.72." 1 Req. ^-j"* 1 ™; 

U=27°5ff.J / : l U 



_ f 185.439. 
\ 88.682. 



e = 



6-1 



TM(Jo.\QMi<:ri:r. 



(a = 1800. 
6. Given <e =2000. 



t A ^57* V5W. 
Req.- 1 . 0-11° 44' 10". 



I.- 



c 436.49. 




75. Case UI. 

GtMfl tiro mles mid tteir included angle, required the 
remaining pirts. g 

Let ABC be a triangle, 
and let the sides opposite 
the angles A, 8 t C, bo do- ■ 
noted, respectively, by ", 6, 
c. Let '» and />, and their 
include! angle c\ be given, and the remaining pi 
-4, B, and C, required. 

The sum of the angles A and /? is found from the 

formula. 

A+B--^ 180° — C 

With as a center, and b t the shorter of the two 
pivt n sidea, as a radius, describe a circumference cut- 
ting d in />, n produced in E, and in 7/. Draw J£, 
40, f7/, and AP parallel to --IE. The angle DAE is 
a right angle, since it is inscribed in ■ semi-circle; 
benee, its alternate angle, ADl] is also a right angle. 

The angle ACE being exterior to fcbe triangle ABC, 
is equal to .4 -f /?. Hut ACE having its vertex at 
the center, is measured by tho intercepted Bfti AE. 
The inscribed angle /I/)/ 1 ' is measured by one-hall 
the an AE; hence, ADE=\ ACE = l(A + B). 

CI! (M, since they arc radii of the same circle; 
hence, the angle <'!IA = A. The angle CHA being 
exterior to the triangle Cllli is equal to JiCli+B; 
hence, 

ift?B + B = ^- .'. HCB^A-B. 



OBLIQUE TRIASGLES. 

But HCB, having its vertex at the center, is nieas- 
avid by the intercepted arc />//,- ami OAF. be 

inscribed angle, is measured hv one-hall' the UC 
/)//; hence. DAF = J BCD - \{A - B 

In the right triangles ADE and JDF we have 

^£ = ^l/> tan ADE=*AD tan {(A + B). 
DF= AD tan DAF= AD ton i(-4 - B). 
From the similar triangles, ABB and FB7), we have 

B£ : BP :: AB : PF. 

Bivoe CS 04, BE = tit - OA =a + b. 

Since Ofl CM, B/)= B<" r i a -A. 

Bahetitatlng the values of /»/■" HIK AS, and DF in 
tin above pro|X)rtion, and omitting the cimiinon factor 
AD in the second couplet, we have 

a + b : o— & ::taol .1 bTJ : tan Jiyl — B). 

Hence, />/ MtV jJttur Ir'mntjlc. the sum oj /Ac jwfaf i"n- 
tftiding an angU is /*> Mn'r diffrrrvre qj the Boupml e/ 
/*#j// tAfl Mm r/ /ta p/Arr ftn? atitjlrs is to On ftimjcnt of 
half their difference. 

We find from the proportion, the equation 



tan 



t ^-j) = &Lz^L^i^+g), 



. \ log tan J (j|— B) = log (a — 6) + log tan | (.1 -f B) 

-fa. a log i'. '<> — 10. 

have now found J(ii+B) and J (^1—5). 

I j^+^ + ^—B), B=J(.4-r-B)-l(yl-S). 



ein -4 : sin : : a : c, 



<? — 



n -in <" 
fin J 



i -f log sin C-f- <*■ £ lug Bin -4 — 10. 
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76. Examples. 

fa = 37.56. -J (A. Av 

1. Given \ b = 23.75. V Req. < 5. V \- 

lc=68°25'.j (r. / \ 

4 + £=180°— C=lll° 35'. 

a + b : a— b :: tan i(4+B) : tan ±(A — B). 

,. tan^-fi) = (tt ~ 6)ta °! M+g) - 

• ax a + 6 

. ' . log tan i(A— B) = log (a — 6) + log tan |(i4+B) 

+ a.e. log (a + 6) — 10. 

log (a-b) (13.81) = 1.14019 

log tan i(A+ B) (55° 47' 30") = 10.16761 

o. e. log (a+fr) (61.31) = 8.21247 

log tan i(A—B) = 9.52027 

.-. t(A-B) = l8° 19* 55". 

^ = i(A + B) + i(^ — B) = 74° 7'25". 

B = i(A + B)-i(A — £) = 37°27' 35". 

. . ^ a sin C 

sin ^4 : Bin C : : a : c. . • . c = — s — 7- • 

em -1 

log c = log a -f log sin C + a. c. log sin A — 10. 

log a (37.56) = 1.57473 

log sin C (68° 25') =9.96843 

a. f. log sin ^ (74° 7' 25") = 0.01689 

logc i.56005, .-. c= 36.312. 



r a = 996.63. \ r A = 66° W 37". 

2. Given ^ 6 = 712.83. V Req A B = 40° 59' 35". 

lC= 72° 29* 48". i I c = 1036.35. 
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b = 776,526. ^ c B= 115° 36' 56". 

3. Given-; c = 234.5. V Req.< C = 15° 48' 04". 

J I a = 645.8. 



F 

1.4 = 48° 35'. 



( a =11.7209. 
4. Given] r = 10.9232 
(£= 65° 25 



9. -J t A = 60 

2. V Req.-(C = 54 
' 35". J (6=12. 



^ = 60° 25' 34". 
° OS* 51". 
256. 




77. Case IV. 

Given the three sides of a triangle,, required the angles. 

Let ABC be a triangle, take the b 

longest side for the base, and draw 
the perpendicular p from the vertex 
B to the base. 

Denote the segments of the base by s and «' respect- 
ively. 

Then, (1) c*—8'*=p* t and (2) a»— «*=p a . 

.-. (3) c 1 — •»=<!*— »», .-. (4) a*— «r*=a J — e». 

• •• (5) (* + *') ( 8 -s r ) = (a + c) (a-c). 

.'. (6) 8 + s' : a + e : : a — c : s — ft. 

Hence, The sum of the segments of the base is to the sum 
of the other sides as the difference of those sides is to the 
difference, of the segments. 

(a + c) (a — c) 



(6) gives (7) a-*': 



s + s* 



.-. (8) log (s — <0=log (a + c) + log (a—c) 

+ a.c. log (* + *')— 10. 

In case the sides of the triangle are small, find s~~ J 
from (7); otherwise, it will be more convenient to em- 
ploy (8). 
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Having a-\-a' *&d a — «*, we find * and a* thus, 

(9) «=*(* + o+K'-O, (10) aWC+O-K'-O. 

(11) cob A = - t (12) cosC=-- 

Introducing R, reducing, and applying logarithms, 

(13) log cos A= 10 + log *'— log c. 

_(14) log cos C — 10 + log s — log a. 

From which we find A and C. 

Then, (15) B = 180° — (A + C). 



78. Examples. 

(a = 125.^ (A. 



1. Given < 6 = 150. V Req. < B. 
lc = 100.i la 




* + *' : a-f-c :: a — c : a — a 1 . 

(. + ,)(a-4 = Myxa5 
*+* 150 

*= J (a + *') + !(«— = 75 + 18.75 = 93.75. 
'= i (» + O — i (•— O = 75 — 18.75 = 56.25. 
cos ^ - -, or introducing JJ, cos ,4 = — ■ 
. • . log cos A = 10 + log a' — log c. 

log a' (56.25) = 1.75012 
log r (100) == 2.00000 
log cos A =9.75012 .-. .4 = 55° 46' 18". 

ft Ra 

cos C= — f or introducing jR, cos C= 

& Ob 



BEIQHTS AND DISTANCES. 69 

. •. log coe C=10-|-log s — log a. 

log * (93.75) = 1.97197 
log a (125) =^ 2.09G91 
log cos C =9.87506 .-. C=41° 24' 34". 

B = 180— 04 + C) = 82° 49* 08". 

(a = 332.21. \ (A = 66° 30* 35". 

2. Given < 6 = 345.46. V Required I B = 72° 29' 53". 

I c = 237.61. i I C = 40° 59' 32". 



a = 864. -J r^ = 41°00' 38". 

3. Given 1 b = 1308. > Required < B = 83° 25' 14". 



(c=1086. i lc = 55° 34' 08". 

(a = 251.25. J ( 

4. Given ] b = 302.5. [ Required \ B = 58° 58' 20". 

U=342. ) (c-75°38'69". 



APPLICATION TO HEIGHTS AND DISTANCES. 
79. Definitions. 

1. A horizontal plane is a plane parallel to the 
horizon. 

2. A vertical plane is a plane perpendicular to a 
horizontal plane. 

3. A horizontal line is a line parallel to a horizontal 
plane. 

4. A vertical line is a line perpendicular to a hori- 
zontal plane. 

5. A horizontal angle is an angle whose plane is 
horizontal. 




70 TRIGONOMETRY. 

6. A vertical angle is an angle whose plane is 
vertical. 

7. An angle of elevation is 
a verticle angle, one of whose 
sides is horizontal, and the 
inclined side above the hori- 
zontal side. Thus, BAC. 

8. An angle of deprenion is a vertical angle, one of 
whose sides is horizontal, and the inclined side below 
the horizontal side. Thus, DCA. 



80. Problems. 

1. Wishing to know the height of a tree standing 
on a horizontal plane, I meas- o 
ured from the tree the hori- 
zontal line BA t 150 ft., and 
found the angle of elevation, 
BAC y to the top of the tree 
to be 35° 20\ Required the 
height of the tree. 

An*. 106.335 ft. 

2. In surveying a tract of land, I found it impractic- 
able to measure the side AB 

on account of thick brush- \^ '£$£ N \ 

wood lying between A and B. \ *9& \ 

I therefore measured AE y 7.50 a"~— -J 

ch M and EB, 8.70 ch., and 
found the angle AEB = SS° 46*. Required AB. 

Ana. 5.494 ch. 

3. One side of a triangular field is double another, 

their included angle is 60°, and the third side is 15 

ch. Required the longest side. 

Ana, 17.32 ch. 
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4. Wishing to know the width of a river, from the 
paint A on one bank to the 
point OS the other bank, 
I measure the distance AD, 
73 yd., and find the angle 
BAG = S7° 28' 30", and the 
angle ABC = 47° 38' 25". 
Required AC, the width of 
the river. Ar\s. 78.53 yd. 

5. I find the angle of elevation, BAC, from the foot 
of a hill to the top to be 46° 25' 30". Measuring back 
from the hill, -40=500 ft., 

I find the angle of elevation 
AD€= 26° 88*40". Required 
lie, tin- vertical height of the 
hill. Am. 441.87 ft. 

6. From the foot of a tower standing at the top of a 
declivity, I measured AB 

• ft., and the angle 
ABD = SO 15'. I also 
measured, in a straight 
line with AB, BC=Q8 ft., 
and the angle BCD — 30° 
45'. Required AD, the 
height of the tower. Aw. 82.04 ft. 

7. Wishing to know the height of a tower standing 
On fl hill. I find the 
&Qgle of elevation, 
BAH to the top of 
the hill to be 44° 35', 
and the angle of ele- 
vation to the top of 
the tower to be 59° 
|X. Measuring the 
horisOBta] line AK. 275 ft., r find the angle of elevn- 





72 



TSfGOSOMETRY. 



ticm to the top of the tower to be 40° 25'. Required 
the height of the tower. Am. 317.143 ft. 



8. Given 



DC =24ch. 
CDD -io\ 

/.7>.i = 60°. 
DCA = 48°. 
-402? - 60°. 




Required! .1/;-- 38.61 ch. 

9. Given AB -800 yd., .-iC=G00 yd., BC = 400 yd., 
ADO**W Ab\ BDQ=W 30'. Re- 

■luirod DA y DC, DB. 

Am. DA ^ 1X0.15 yd., DC= 1042.5 
yd., DB = WA:l* yd 

/u mart — Describing the circumfer- 
ence through -4, B, D, and drawing 
AE and BE, EAB - BDC, EBA = ADC. 




RELATIONS OF CIRCULAR FUNCTIONS. 

81. Fuiidaiiieutul Formulas. 

Let a — the angle 0Cr = thc arc 0T t and C0 = CT 
= 1. Then, we have MX = CJV=sin 
a, A 7' CM -- cos a, MO = vers a, 
#■(? = covers a, 07? = tan *, r/s = 
ml a, rR = aec a, US=co6cc a. 

Bj urlielrs 39-46, sin (90°— a) = 

ms .;, cos (90° — */) = sin (#, etc. 

From the diagram wc have 

JIT 2 +CM 1 =~CT 7 , 

Substituting the values of MT 9 CM, and CT, we hftva 
( 1 t sin 3 /i -f ens 1 B»1, 
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Hence, The square of the sine of any arc plus the square 
of its cosine is equal to 1. 

From (1) we have, by transposition, 

(2) sin* a = l — cos 2 a, 

(3) cos 2 a = 1 — sin 2 a. Hence, 

1. The square of the sine of any arc is equal to 1 minus 
the square of its cosine. 

2. The square of the cosine of any arc is equal to 1 minus 
the square of its sine. 

From the diagram wo have 

MO = CO— CM. 

Substituting the values of MO, CO> and CM, we have 

(4) vers a = 1 — cos a. 

Hence, The versedrsine of any arc is equal. to 1 minus 
its cosine. 

.'. vers (90° — a) =1— cos (90°— a). 
. • . (5) covers a = 1 — sin a. 

Hence, The co-versedsine of any arc is equal to 1 minus 
its sine. 

From the diagram we have 

CM : CO : : MT : OR, 

or cos a : 1 : : sin a : tan a. 

... (6) tana = !i5^. 
% * cos a 

Hence, The tangent of any arc is equal to its sine 
divided by its cosine. 
S. N, 7. 
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v coe (90°— a) 

._., , cos a 
. • . (7) cot a = -. 

v ' sin a 

Hence, The co-tangent of any arc is equal to its cosine 
divided by its sine. 

(6) X (7)= (8) tan a cot a = 1. 

Hence, The tangent of any arc into its cotangent is 
equal to 1. 

1 



(8)n-cot a = (9) tan a = 



cot a 



Hence, The tangent of any arc is equal to the reciprocal 
of Us co-tangent. 

1 



(8) 4-tana = (10) cot a = 



tan a 



Hence, The co-tangent of any arc is equal to the recip- 
rocal of its tangent 

CM : CO :: CT : CR t or coe a : 1 : ; 1 : sec a. 

1 



. *. (11) sec a = 



cos a 



Hence, The secant of any arc is equal to the reciprocal 
of its cosine. 

. ■ . (12) cosec a = —. 

' sin a 

Hence, The cosecant of any arc is equal to the recip- 
rocal of its sine. 

CR 2 ^CO i ^OH s 1 

.-. (13) eec J a = l + tan 3 a. 
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Hence, The square of the secant of any arc is equal to 1, 
plus' the square of Us tangent. 

.-. sec* (90°— a) = 1 + tan* (90°— a). 
. * . (14) cosec 2 a = 1 -f cot 1 a. 

Hence, The square of the cosecant is equal to 1, plus the 
square of the co-tangent. 

82. Summary of Fundamental Formulas. 



1. sin 2 a + coe 2 a = 1. 

2. sin 2 a =-- 1 — cos 2 a. 

3. cofl 2 a=l — 8in 2 a. 

4. ver8a = l — cos a. 

5. covers a = 1 — sin a. 
sin a 



6. tan a = 



coe a 



- cosa 

7. cot a = — 

sin a 

8. tan a cot o = 1. 



9. tan a = 



cot a 

10. cot a = .-— 

tan a 



11. sec a = 



1 



cos a 

12. cosec a = — 

sin a 



13. sec 2 a = l + tan 2 n. 



14. cosec 2 a = 1 + cot 2 a. 



83. Problems. 

1. Prove that the above formulas become homogene- 
ous by the introduction of R. 

2. Deduce formulas (5), (7), (12) and (14) from the 
diagram. 

3. Prove that the above formulas are true if a is in 
the second, third, or fourth quadrant. 



76 



TRIGONOMETRY. 



84. Each Function In Terms of the Others. 



sin o = Vl — coe 2 a. 
sin a 
sin a 



sin a = 



l/2 versa— vers* a. 
: 1 — covers a. 
tan a 



sin a = 



em a — 



l/l + tan 2 a 

1 

V'l -f cot 2 a 

Vsec 2 a — 1 



sm a = 



sec a 
1 



cosec a 



coe a 
coe a 
coe a = 

cos a = 
coe a = 



l/l — sin 2 a. 
1 — vers a. 



coe a 



=|/2 cvs a — 


cvs 2 a. 


1 




l/l + tan 


a 


cot a 




V\+coV 


a 


1 




sec a 





coe a— 



I* 7 co*ec 2 a — 1 
cosec a 



vers a= 1— V\— sin* a. 
vers a=l — cos a. 

ven o=l — v2 cvs a — c vb* a. 

1 



vers a=l 



vers a = 1- 



vers a = 



VI + tan 2 a 

cot a 
Vl+cot 2 a" 

sec a — 1 



sec a 



vers a=l- 



l/cosec 2 a — 1 



cosec a 
covers a = 1 — sin a. 



covers a=l — VI— cos 2 a. 



cvs a = 1 — V 2 Vrt a — vu" a. 
tan a 



covers a— 1- 



coversa=l- 



covers a =1- 



covers a = 



I' 1+ tan 2 a 

1 

V 1+cot 2 « 

V sec 2 a — 1 
sec a 

cosec a — 1 



cosec a 
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84. Each Function in Terms of the Others, 



tan o = 

tan a = 
tan a 

tan a 
tan a 



sin a 



Vl — sin 3 a 

Vl— cos 8 a 
cos a 

V% vs a — vs* a 
1 — vs a 

1 — cvs a 
^2 cvs a — cvs 3 o 
1 



cot a 


= V'sec 3 a — 
1 


1. 


V cosec 2 a 


— 1 


VI — sin 3 


a 


sin a 
cos a 




Vl — cos 3 a 
1 — vs a 


V2 vsa- 


vs 3 a 


1^2 cvs a- 


-cvs 2 a 



tan a 
tan a 

cot a 
cot a 

cot a 

cot a 
cot a 
cot a 
cot a = V / cosec 2 a — 1. 



1 — cvs a 



1 



tan a 

1 

V / 8ec 2 a— 1 



sec a = 



sec a = 



sec a = 



sec a = 



va— sin 2 a 

_1 

ooea 

1 

1 — vers a 

1 



sec a = 
sec a = 

sec a = 



l/2cvsa — cvs 3 a 
•l + tan 3 a. 
Vl + cof 3 ~a 



cot a 
coeec a 



•cosec 3 a — 1 
1 



coeec a = 



sin a 



coeec a = 



coseca 




cosec a = 



coeec a 
cosec a 
cosec a = 



1 — covers a 

•l + tan 3 a 
tan a 

vTTcot^a. 

sec a 
•sec 2 a — 1 
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85. Functions of Negative Arcs. 



We firsit find the sine and co-sine 
of — 0, in terms of the functions of a 
from the diagram. Then, dividing the 
sine by the cosine, the cosine by the 
sine, taking the reciprocal of tlie co- 
sine and the reciprocal of the sine, 
we have 







^s 








/\ 












^w 







sin ( — a) — — ein a, 
tan ( — a) — — tan a, 
sec ( — a) — sec a, 



cos (— a) = cos a f 
cot ( — a) — — cot a t 
cosec ( — a) » — cosec a. 



80. Functions of (* 90° =f a). 



1. Let 7i be 1 and a be negative. 

From the figure of the la-i. article, and by similar 
prooeeBes, 

pin (90° — a) — cos a, cos (90° — n) — sin n % 

tan (90° — a) = cot a, cot (90° - a) - tan a, 

sec (90° — a) = cosec a y cosec (90° — a) — sec a. 

These relations have already been found, articles 
39—46. 

2. Let 7i be 1 and a be positive. 

sin (90° -f a) = cos a, cos (90° + a) = — sin a. 

Un (90°+a)=:— cot a, cot (90° -f a) = — tan S, 

- 1,90° -f a) = — cosec o, cosec (90° + a) = sec n. 

3. Let n be 2 t and a be negative. 

sin i ISO — rt) =a sin 0, cos (180°— a) =— cos a, 
tan (ISO - — 0)= — tan a, cot (180°- n) = — cot a t 
sec (180°— a) = — sec a, cosec (180° — a) — cosec g. 
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4. Let n be 2, and a be positive. 

sin (180° + a) = — sin a, cos (180°+ a) = — cos a, 
tan (180° + a) = ton a, cot (180° + a) = cot a, 
sec (180°+ a) = — sec a, cosec (180° -|- a) = — cosec a. 

5. Let n be 3, and a be negative. 

sin (270° — a) = — cos a, cos (270° — a) = — sin a, 
tan (270°— a) = cot a, cot (270°— a) = tan a, 
sec (270° — a) = — cosec a, cosec (270°— a) = — sec a. 

6. Let n be 3, and a be positive. 

sin (270°+ a) = — cos a, cos (270° -f a) = sin a, 
tan (270° + a) = — cot a, cot (270°+ a) = — tan a, 
sec (270°+ a) 3= cosec a, cosec (270°-f- a) = — sec a. 

7. Let n be 4, and a be negative. 

sin (360°— a) = — sin a, cos (360'— a) = cos a, 
tan (360°— a) = — tan a, cot (360°— a) = — cot a, 
sec (360°— a) = sec a, cosec (360°— a) = — cosec a. 

8. Let 71 be 4, and a be positive. 

sin (360°+ o) = sin a, cos (360° -f 0) = cos a, 
tan (360°+ a) = tan a, cot (360°+ a) = cot a, 
sec (360°+ a) = sec a, cosec (360°+ a) = cosec a. 

It will be observed that when n is even, the func- 
tions in the two members of the equations have the 
same name; and that when n is odd, they have con- 
trary names. The algebraic sign attributed to the sec- 
ond member is determined by the quajrant in which 
the arc is situated. 

Let this article be reviewed, and these principles 
applied' in determining the names and algebraic signs 
of the second members. 



T&moNoxsmr. 

Heooe, functions of area greater than 90° can be found 
in terms of functions of arcs less than 90°. Thus, 

1. ein 120°- sin ( 90°+ 30°)= cos 30°. 

2. cos 290° — cos (270° + 20°) mm sin 20°. 
• 3. tan 165° = tan (180° — 15°; = — tan 15°. 

If n is integral and positive, prove the following: 

4. sin O 180° + (- 1)- a] = sin a. 

5. cos (u 360° ± a) = cos a. 
0. tan (u 180° + a) = tan o. 

7. Any function of (n 360° -f- a) — the same func- 
tion of a, whatever be tho value of a. 



87. Values of Functions of Particular Arcs. 
1. To find the fanctwiw nf 30°. 

Since 60° is one-eixth of the circumference, the chord 
of (J0° is equal to one side of a regular inscribed hex- 
agon, which is equal to the radius or 1. But the sine 
of 30° is equal to one-half the chord of G0°. 

.•. (1) sin 30°= J, .■. (2) coe 30°= vT^=JV' J. 

Dividing (1) by (2), then (2) by (1), taking the 
reciprocals of (2) and (1), we have 



(3) tan 30° = 



i 3 



(4) cot 30° = i v 



(5) sec 30° = -4= , (6) coseo 30° - 2. 
I 3 



2. To find the faiir/ianx of 60°. 

From article 40, sin CO 9 i sin (90* — 30°) = cos 30°, 
008 60°= cos (90° — 30 3 ) = sin 30'. Hence, 
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(1) mx&T=\V% (2) ooe 60°=J, 



(3) tanG0° = V^ 
(5) 8ece0 3 = 2, 



(4 ) cot 0)0 = -^, 
(6) co6ec60° = -^=. 



3. To find the functions of 45°. 

From Art. 40, sin 45°= sin (90° — 45°) = ooe 46°; 
but sin* 45 D + coe» 46° = 1, 



.-. 2 ein s 45° =1, 

(1) 8in45° = iv / 27 
(3) tan 45° = 1, 

(5) sec 45° = l/27 



Bin' 45° = f Hence, 
(2) cos45 = ii/2T 
(4) cot 45° = 1, 
(6) cosec46 = V / 2T 



Prove the following: 

1. sec 120°=— 2. 

2. cos 135°=— JvT 

3. sin 300°=— ±V& 

4. tan 225°= 1. 
9. Construct an angle whose tangent is — 1. 

10. Construct an angle whose sine is — $. 

11. Find all the functions of 150°. 



5. cosec 210°=— 2. 

6. cot 240° = — L. 
1/8 

7. sin 390° = f 

8. cos(— 120°)=— f 



88. Inverse Trigonometric Functions. 

If z = sin a, then a is the angle or arc whose sine 
is x, which is written a = sin -1 x, and read a equals 
the arc whose sine is x. 
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It must not be supposed that -l is un exponent, and 
that sin -1 x = - — ; this would be a grievous error. 

SIM x 

Let the following be road: 
coar'r, tan -1 *, sec -1 *, co6ec _l x, sin- 1 (cos x), ein(.siu~'j i. 
Bin" l * = co6ee _l — , cos~ 1 r = see~ l — , tan~ l x = cot~ I — . 



The above notation is not altogether arbitrary ; for 
let j{x) be any function of x, and let /[/(crj], or, moro 
briefly, let / 2 (x) he the snme function of /(x), which 
notation denotes, not the square of /(xj, that is, not 
[/</)]', hut thut the same function is taken of /(x) as 
of x. Thus, if f(x) = sin x, S[f{x)] = sin (sin x), 
(lii'i), in general, 

(1) /■/•(*)=/••'<»). 

If 7i = 0, (1) becomes, 

(2) /- /•(«)= /*(•). 

.-. (3) f°(x) = x. 

If m = 1, and » = — 1, (1) becomes, 

Hence, / _I (x) denotes a quantity whose like func- 
tion is fc 

Hence, if t/^sin" 1 ^ sin y = Rin (sin-'x)=x; that 
is, y or sin -1 ! is an arc whose sine Is r. 

It would follow from the above that sin* a oujrht to 
signify sin (sin «1, and not (sin a) 3 ; but since we 
rarely have sin (sin fl), it is customary to write sin 9 n 
for (sin fl)», as we are thus saved the trouble of writing 
the parenthesis. 



rmcvi.AH Fvscrioy.s. 



n 



It would not, of court*', do to write «in a* for (sin a) 2 , 
for then wo should have the pine of the BQtl&re of an, 
arc fur tbd siju^ri' of the vine of an arc- 
Let the following equations be proved; 



1. shr'LJ^car'J. 
2 

•2. Pin-'j^itan-'i :;." 
3. iaa-n 3 = seer 1 2. 



4. coe- , l = 2cot-M 3. 

5. Bin" 1 l--2tan- , l. 

6. sec-'S^sec-H— 2). 




i >i 



89. Problem. 

To find the sine and anrijie of the mm of two angta. 

Let a = the angle OCA, and b = the anglo JCE 
Draw BL perpendicular to CI, HP and 
LM perpendicular to CO, and UV parallel 
to CO. 

Tlic triangles A7?L and 3/CL are sim- 
ilar, since their rfdtt ore respectively 
perpendicular; hence, the angle NBL opposite the side 
.\7. equals the angle MCL opposite the homologous 
ML. But MCL = a; hence A r BL = a. 

From the diagram we find the following relations: 
(1) LB =• sin b. 
i S CL = cos 6. 
(3") PB = JHZ 4* NB. 

PB = sin OCB = ein (a -h 6). 
(F) j .1//, = sin MCL X CI = sin a cos 6. 
(6) NB= cos jV&L X LB = Mtt a sin />. 

Substituting the values of PZ?, J/L, and .YZJ, found 
in (4), to . and 5), in C3), and denoting the formula 
0. we have 

(a) sin ' = sin a cos b -f cos a sin 6. 
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Y M 



Hence, The sine of the sum. of two angles is equal to the 
fine of the first into (he tvHiitte of the second, plus the co- 
sine of the first into the sine of tiie second. 

From the diagram we find the follow- 
ing relations: 

(1) CP = < M WL 

(2) CP s= cos OCB -= cos (a + V). 

(3) 0.1/ — cos MCL X CL = cos a cos 6. 

(4) AX - siu NBL X li? = sin a sin 6. 

•Substituting the values of CP, CM, and AX, found 
in (.2), 9), and (4), in (1), we have 

(6) cos (a -\- b) — cos a cos 6 — siu a sin b. 

Henoo, The cosine of the sum of fun angles U equal to the 
2>rod-wi of their co-nines minus the product of their sines. 



90. Problems. 

t. Prove that formulas (a) and (b) become homogene- 
ous by introducing P. 

2. Provo that formulas (fl) and (A) are true when 
'-) u In the second quadrant. 

:\ Prove that formulas (a) and (A) are true when 
(a -f h) is in the third quadrant. 

4. Prove that formulas (a) and (h) aro true when 
(a-f 6) is in the fourth quadrant. 

5. Deduce formula (A) from formula (Vi) by substitu- 
ting 90° — a for a, and — b for b, and reducing by 
articles 85— 8a 

a Develop tun (45°+ 30°) by formula (a). 

7. Develop cos 105° by formula (6). 
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91. Problem. 

To find the sine and cosine of the difference of two angles. 

Let a = the angle OCA t and 6 = the angle BCA. 

Draw BL perpendicular to CA> LP 
and BM perpendicular to C0 t and BN 
parallel to CO. 

The triangles NLB and PCL are sim- 
ilar, since their sides arc respectively 
perpendicular; hence, the angle NLB, opposite the side 
NB, equals the angle PCL opposite the homologous 
side PL. But the angle PCL = a; hence, the angle 
NLB = a. Then we shall have 

(1) LB = sin b. 

(2) CL = cos b. 

(3) MB=PL-NL. 

(4) MB = sin OCB = sin (a — fc). 

(5) PL = sin PCL X CL = sin a cos 6. 

(6) A'L — cos NLB X £1* = cob a sin 6. 

Substituting the values of J/B, PL, and AX, found ill 
(4), <7>), and (6), in (3), we have 

(c) sin (a — 6) = sin a cos b — cos a sin 6. 

Hence, The sine of the difference of tico angles is equal 
to the sine of the first into the cosine of the second, minus 
the cosine of the first into the sine of the second. 

From the diagram we find the following relations: 

(1) CM=CP+NB. 

(2) CM — cos OCB = cos (a — ft). 

(3) CP = cob PCL x CL — cos a cos b. 

(4) NB = sin NLB X LB ~~ sin « sin 6. 
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Substituting in (1) the values of CM t CP, and NB 

found in (2), (3), and (4), we have 

(d i 008 (a — h) = cos a cos b + sin a sin b. 

Ilonco, The co-dine of the differ?t\?e of tiro angle* is equal 
in the product of their cosines, plus ifie product of their sines. 



88. Problems. 

1. Prove that formulas (?) and ((/) bocomo homogene- 
ous by introducing R. 

•2. Deduce formulas (?) and (d) from (a) and (ft), re- 
spectivHy, by substituting — h for b, and reducing by 
article So. 

'■). Prove that formulas (?) and (</) arc true when 
(u — ft) is in the second quadrant. 

4. Prove that formulas {r) and [d) arc true when 
(a— b) is in the third quadrant. 

5. Prove that formulae (r) and (d) are true when 
(a — ft) is in the fourth quadrant. 



93. Problem. 
To find Ai fonaml ami CO-totogtot of the mm or differ- 

•J Ih'i, >',<■ 

Dividing (a) by (ft), wc haw 

sin (fl In sin a COB ft + <* 08 A- »i" '' 

cr* i" in cob a cc« ft — sin a sin ft 

Diriding both terms of (be fraction in the second 

member by r-os .i. cos />, reducing, mid recollecting that 
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the sine of an are divided by its coeine is equal to 
its tangent, we have 

tan a -f tan b 



(e) tan (a + b) = 



1 — tan a tan h 



Hence, The tangent of the mm of ttoo angles is equal to 
the sum of their tangents, divided by 1 minus the product 
of their tangents. 

Dividing (6) by (a), and reducing, we have 

cot a cot h — 1 



(/) cot (a + *>) = 



cot a -j- cot 6 



Hence, The co-tangent of the mm of two angles is equal 
to the product of their co-tangents, minus 1, divided by the 
mm of their co-tangents. 

Dividing (r) by (rf), and reducing, we have 

, . , , ,. tan a — tan b 

(a) tan (a — 6) = ,- — . ■ s • 

y/ v ' 1 + tan a tan b 

Hence, The tangent of the difference of two angles is equal 
to the tangent of the first minus the tangent of the second, 
divided by 1 plus the product of their tangents. 

Dividing (d) by (c), and reducing, we have 

/in it vs cot a cot A + 1 

(h) cot (a — b) = — 7- r r 

x ' cot 6 — cot a 

Hence, The cotangent of the difference of two angles is equal 
to the product of their co-tangents, plus 1, divided by the co- 
tangent of the second, minus the co-tangent of the first. 



94. Problems. 

1. Prove that (c), (J), (g), (A) become homogeneous 
by introducing R. 
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2. Deduce (a) from («) by substituting — 6 for b. 

3. Deduce (h) from (/) by substituting — 6 for 6. 

4. Deduce (/) from (e) by taking the reciprocal of 
each member, substituting — — for tan a, —rr for tan 6, 
and reducing. 

5. Deduce, in like manner, (h) from (a). 

6. Find the value of sin (o-fi-fc) by substituting 
b + c for 6 in (a). 

7. Find the value of cos (a + b + c) by substituting 
o + c for 6 in (&). 

8. Find the value of tan (a + b + c) by substituting 
6 -j- c for 6 in (e). 

9. Find the value of cot (a -f 6 + c) by substituting 
6 + c for b in (/). 



95. Functions of Doable and Half Angles. 

Making 6 — a in (a), (6), (e),and (/), we have 

(1) sin 2 a = 2 sin a cos a. 

(2) cos 2 a = cos 2 a — sin 2 a. 

,«. . ft 2 tan a 

(3) tan 2 a = 1 — ^- • 

1 — tan 2 a 

... . a cot 2 a — 1 

(4) cot 2a — -s — r 

v ' 2 cot a 

Substituting J a for a in (1), (2), (3), (4), we have 

(5) sin a = 2 sin A a cos J a. 

(6) cos a = cos 2 J a — sin 2 1 a. 



(7) tana = 

(8) cot a 



OUtCULAB FUNCTIONS. 
2 tan£a 



1 — tan*$a 
_cot«Ja— 1 

2 cot J a *• 



Substituting 1 — sin*$a for cos 3 Ja, then 1 — cos'Ja 
for sin 1 J a, in (6), and reducing, we have 

(9) 1 — cos o = 2 sin* i o. 

(10) 1 + cos a = 2 cos l ia. 

.-. (11) sinja = ^l 



— cos a 



... (12) cosia = - N /i±|?^. 

Dividing (11) by (12), then (12) by (11), we have 
(13) tanJa=-JI 



— cos a 

+ cos a 



(14) cotia=J\±mi. 

* 1 — cos a 



cos 

Dividing (5) first by (10), then by (9), and trans- 
posing, we have 

sin a 



(15) tan Jo = 

(16) cot£a = 



1 + coe a 

sin a 



1 — cos a 

Taking the reciprocal of (16), then of (15), we have 
1 — cos a 



(17) tania = 

(18) cotJa = 



sin a 

1 + cos a 

sin a 



Let the formulas of this article be expressed in 
words. 

a n. 8. 



M 
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DG. Consequences of (a), (b), (c), (d). 

Taking the sum and difference of («) and (c), (J) 
and (h), we have 



(I) 
C2) 

(3) 
(4) 

Let 



sin (a + b) -f sin (a — 6) = 2 Bin a cos 6. 
sin (a -f ft) — sin (a — 6) — *J COB <' sin 6, 
cos (<i -f 6) + cos (a — b) = 2 cos a cos 6. 
cos (a — b) — cos (a + 6) = 2 sin a sin 6. 

\a-b=dj then \6 = H*~rf)-i 



Substituting the values of a + b> a — b t <i ( and k, in 
(1), (2), (3), and (4), wc hare 

i 5) sin a -f sin // — 2 sin J (* -f *f) cos J (* — */y 

( 6) si n * — sin d — 2 cos ^ (k -f- ri) si n J (* — (f). 

(7) cos x + cos d = 2 cos J (k -f d) cos J (< — </ >. 

(8) cos rf — cos s — 2 sin £ (* -f c/j sin $ (* — (/). 

By formula (5) of the preceding article we have 

(9) sin (# + d) - 2 sin i (« + d) cos }(« 4-4), 
(10) sin (i — <t) —2 sin £(*—<?) eos$(s — rf). 

Dividing each of these formulas by each of the fol- 
lowing, we have 



(ID 
(13) 

(13) 
(14) 



sinM sinrf_8in^(g- frf)c osj(f}— //) tanfrfH-'O 
sin*— .-in j cos4(a+t/)sinJ(* — d) tanA(«— d) 

sin »-f sin d sin ft (l -f f?) 



cos * + COS i " 

sin B ! sin </ 
008 <£ — COS ** 

I 4-_win _rf 
sin (i -f rf) 



coy 4 ($ -f d) 



= tani(* + tf). 



tos A <"* — rf> 



sinj (* — <*) 

COS 4 f 8 — d) 
COR h (8 -+- d) 



£ =r COt J(« — rf). 
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(15) 
(16) 

(17) 
(18) 
(19) 

(20) 
(21) 
(22) 
(23) 
(24) 
(25) 



= tanj(a — d). 
= cot£(a-r-d). 



sin $ + sin d __ sin j (a 4- d) 
sin (a — d) ~~sinj(a— d) 

sin a — sin d __ sin J (a — d) 
cos * 4 cos d ~ cos £ (a — d) 

sing — sin d _ cos_J (>4-<0 
cos d — cos a — 6in £ (a 4- d) 

sin a— sin d _ sin^fa— d) 

sin {s -\-d) ~~ sin J (a + d) 

sin a — 8ind _ cos^ (a + d) 
sin (8 — d) ~ cos J (a — d) " 

c os a + cos d __ cot j (a 4- d) 
cosd— cos 8 ~~ tanj(a— d)* 

cos a -f- cos d _ cos £ (a — d) 
sin(a + d) ~~sin£(a + d)" 

cos a -j- cos d _ cos A (a 4- d) 
sin (a — d) ~ sin J (a — d)* 

cos d — cos a sin$(a— d) 

sin (a + d) ~~ cos J (a -j- d) 

cos d — cos a sin ^ (a 4 d) 

sin (a — d) — cos J (a — d) 

sin (a 4- <0 sin j (s-^-d) cos & (a 4- d) 

sin (a — d) sin J (a — d) cos J (a — d) 



Formula (11) gives the proportion, 

sin a + 6ind : sin a — sin d :: tan J (a 4- d) : tan J (a — d). 

Hence, The sum of the sines of two angles is to their 
difference as the tangent of one-half the sum of the angles 
is to the tangent of one-half their difference. 

Let us apply this principle in solving triangles 
when two sides and their included angle are given. 
Article T5. 
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a : b : : si n A : pin B. 

a + 6 : o — 6 : : sin A -\- 

• sin B : sin A — sin B. 




B 



sin A+ sin 5 : sin A— sin B : : t&n\(A+B) : tanj(^— 5). 
.'. a + 6 : a— b :: tan i(A+B) : tan 4(4— 5). 




97. Theorem. 

The square of any side of a triangle is equal to the sum 
of the squares of the other sides, minus twice their product 
into the cosine of their included angle. 

1st. When the angle is acute. 
(1) m = b — n. b 

(1)*=(2) m* = b*+n*— 2bn. 
(3) p*=p*. 
(2)+(3)=(4) m 2 +p 2 = & 2 + n 2 +p 2 — 2bn. 
But m 2 + p 2 = a 2 and tt 2 -f-p 2 = c 2 , . • . (4) becomes 

(5) a* = 6 2 + e*-2 6n. 

But n = c cos A, which substituted in (5) gives 

(6) a* = 6» + c a — 2bc coe A. 

2d. When the angle is obtuse. 
(1) m = b + n. b 

(1)'=(2) m 2 =& 2 +n 2 +2 6n. * 
(3) p*=p\ 
(2) + (3) = (4) m 2 +p«=&»+n»+;>*+2&n. 
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But w3+pJ= a s and n*+p* = c\ .'. (4) becomes 

But n = c cos B-4D = — c cos BjIC = — c coe .4. 
.-. (6) a» = 6 s +c a — 2 6cco6 A 



98. Problem. 

To //(J Mc angles of a triangle when (he xiileg are <prai. 
From either formula (6) of the last article we have 

(1) ctWi4 ^___ 

Hence, 7^ff co-sine of any anyfc of a triangle « equal 
in ihr .'mo at tin- squares of the tujjocent tfdee, minus the 
tqttart ef tiu opjtOKtti <i(h; ilirkM hi, twice the rectangle of 

the otfjiin/.r si/It*. 

Formula (1) givefl the natural co-si nc of A; hence, 
A can hv found. Hut it is best to place the formula 
tinder such a form as to adapt it to logarithmic com- 
Ion. 

tdding 1 to both nn.'inbers of (1) we have 
I + «- A= ^^ = (. + »+,)<» + -« ). 

But 1 + coe A = 2 cos 2 J A. Article 95, (10). 
L, :t ,t+l>+c=p 1 then g-g = ' - % u 

t : luting; these values in (2), and dividing by 2, 
wo have 

(3 ) „•$,!» i£fljp&. 

.W=(4) coeH = VS^=^ 
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In like manner, (5) cob J B = J\P<kP — b ) . 

* ac 

Also, (6) cos i C = JiP( iP — c ) . 

Introducing J?, applying logarithms, and reducing, 
(4) becomes 

log cos 4-4 =i[logJp+log Op— a)+a.c. log b+a.c. log c]. 

In like manner introduce R and apply logarithms 
to (5) and (6). 

By subtracting both members of (1) from 1 and re- 
ducing we find 

(7) *\T i jA = J Wp-b)(ip-c) 
» be 



(8) rfnaB = JttP-«) (*P-c) 



(9) «in i <? = J C£p— a) (jp-fe) 

* a6 



(7) + (4) = (10) tan J A = J I** - « «£ " c l 

v ip(Jp— «) 



(8) + (5) =(11) tan^ = J^P-^(^- c ) 



_4p(ip— « 

(9) -*- (6) = (12) tan J C = J(J P— <0(*P—*J 

x ip(ip— O 



99. Examples. 

a=125. -i f,l = oo G 40' is". 

1. Given ^ ft = 



j- a= 125. -\ fA = 5o° 46' IS". 

J 6 = 150. V Required < B = 82° 49' 08". 

lc= 100. J (c=41° 24' 34". 

ra= 864. ^ fA = 41° 00' 38". 

2. Given <( 6 = 1308. V Required <B = 83° 25' 14". 

I c = 1086. J I C 55° 34' 08". 
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100. Problem. 

To find the area of a triangle when two sides and their 
included angle are given. 

Let k denote the area of the tri- 
angle ABC, of which the two sides 
b and c and their included angle A 

are given. 

(1) 2i = bp. 

(2) p = c sin A. 
.-. (3) 2 k=bc sin A. 

Introducing R t and applying logarithms, we have 

log (2 k) = log 6 + log e + log sin A — 10. 

101. Examples. 

1. Two sides of a triangle are 345.6 and 485, respect- 
ively, and their included angle is 38° 45' 40*'; what 
is the area? An*. 52468. 

2. Two sides of a triangle are 784.25 and 1005.8, re- 
spectively, and their included angle is 85° 40' 20"; 
what is the area. Ans. 428470. 



102. Problem. 

To find the area of a tiiangle when the three sides are given. 
By the last problem we find 

(1) k = J be sin A, 

(2) sin A = 2 sin J A cob J A. Article 95, (5). 

(3) sin 4 A = x f(bP— b )(iP— . Article 98, (7). 

' 6c 
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(4) cos i A = J*yftf" fl ) . Article 98, (4). 

™ 6c 



.-. (5) sin -* - 2 ^ *g(iP—«) ftp— *) (ip— c) 
.'. (6) * = V tp(ip-a) (ip-b) (ip-c). 



103. Examples. 

1. The sides of a triangle are 40, 45, 55, required 
the area. Am. 887.412. 

2. The side% of a triangle are 467, 845, 756, required 
the area. Ana. 175508. 

104. Problem. 

Given the perimeter and angles of a triangle, required 

the ttides. 

Wo sin B . . c _sin C 

a sin A a sin 4 

Adding and reducing by Articles 96, (5) and 95, (5), 
wo have 

(3) b + c ^ ain j(B + C) cos h(B — C) 
a sin J ^4 cos £ ^4 

sin J(i?+C)= cos \A, and sin Jyl = co8 £(2?+C). 

. m *±£- <*»*(*— C) 

' ' w a ~cosJ(£+C)' 



Adding 1 to both members, we have 

u\ a + 6 + c co8^(g+C)-f 
W a cos J (J 

Let p —- a + b + c, and reduce by 96, (7), we have 

cos Oco8 

sin £.4 
Jp sin f i4 



(*\ fl + 6 + c co6^(g+C)+cos|(B— C) 
1 ; a cos i(5+C) 



,c\ P. _ 2 cos & .g cos $ (7 
W a sinj^l 



(6) a = 



cos * ^ cos J C 
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Introducing R and applying logarithms, we have 

log a = logi/> + log sin $A + 

a. c. log cos £ B -f a. c. log cos J C— 10. 

Similar formulas can be found for 6 and c. But, 
after a is found, b and c can be more readily found 
by article 69. 

105. Examples. 

1. Given p = 150, .4=70°, £=60°, C=50°, re- 
quired a, b t c. 

Ans. a = 54.81, 6 = 50.51, c = 44.68. 

2. Given p = 31234.36, A = 35° 46', B = 45° 28', 
C=98° 47', required a, 6, c. 

,4™. a = 7985, A = 9742.5, c = 13506.86. 

3. Given p = 375, A = 55° 46* 18", £ = 82° 49' 08", 
C=41° 24' 34", required a, 6, c. 

-4tw. a = 125, b = 150, c = 100. 



106. Problem. 

Given the three sides of a triangle, to find the radius of 
the inscribed circle, 

(1) BOC+AOC+ AOB = ABC. 

(2) BOC=\ar. 

(3) AOC=bbr. 

(4) AOB^bcr. 
.\ (5) BOC+-40C -MOB = £(* + & + <?)»' = ipr- 




But (6) ^BC=V / ip(i/>-a)(A^ — 6)(Aj>— r). 
8. N. 9. 
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■•■ (7) £pr = •ip(*p — aHfr — 6)l±J*— c). 



■ m r = J(^ — «)(iP— fr)(*J>— g) = * - 

107. Examples. 

1. The three sides of a triangle are 20, 30, 40, re- 
spectively, required the radius of the inscribed circle. 

Ana. 6.455. 

2. The three sides of a triangle are 100, 150, 200, re- 
spectively, required the radius of the inscribed circle. 

Ans. 32.275. 

108. Problem. 

Given the three tide* of a triangle to find the radius of 
the circumscribed circle. 

Let be the center of the circle, 
and it the radius. 

Let OD be perpendicular to 6, then 

The angle = the angle B, since each is measured 
by one-half the arc AC. 

(1) AD = ~~- = AO sin O = R sin B. 




sin B = 2 sin *B cos *B = *UtW»-.! >*--*>Ifcr^ 
... {3) R= _ _*.„,.. .&. 

Prove thut the formula will be the same if the cen- 
ter is without the triangle. 
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109. Examples. 



1. The sides of a triangle are 7, 9, 10, respectively, 
required the radius of the circumscribed circle. 

Am. 5.148. 

2. The sides of a triangle are 60, 60, 70, respectively, 
required the radius of the circumscribed circle. 

Ans. 36.72. 

110. Theorem. 

The perpendicular let fall on either Me of a triangle from 
the vertex of the opposite angle is equal to that side into the 
product of the sines of the adjacent angles divided by the 
sine of the sum of those angles. 



(1) p = c sin A. 
(2) sin B : sin C :: b : c t .*. 

b sin A sin C 



c = 



b sin C 



■■■ < 3 > *- sin* 

(4) sin B = sin [180°— (A+C)] = 
sin (A+C). 

_ 6 sin A pin C 




111. Problem. 

Given the three sides of a triangle to find the radii of 
the escribed circles. 

The escribed circles are the three circles external to 
the triangle, each tangent to one side and to the pro- 
longation of the other sides. 



$V^V* 
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The centers of the escribed circles are the points of 
intersection of the lines 
bisecting the external 
angles. 

The radii /, r", r"', of 
the escribed circles, will 
be the perpendiculars let 
fall from their centers (7, 
0", 0"', respectively, on 
the three sides a, 6, c. 

Hence, by the last ar- 
ticle, 

/in • _ a sin_(90° — \B) sin (90° — jC) 
W = sin [180°— £('B + C)] 

, ox , a cos */? cos 40 , . . . . - n . 

■ \ (2) / = Sjrjk" -=ii >tan M- Art. 104. 

Substituting the value of tan \A, article 98, wc have 

w ^ - \ i^zr^ ^=7i' 

. . (4) f - v — -*TsE£t VrT-V 







113. Examples. 

1. Given the sides of a triangle, 6, 9, 11, required the 
radii of the three escribed circles. 

An*. 3.854, 6.745, 13.49. 

2. Given p — 100, A -*- 55°, B = 60°, C - 65°, required 
the radii of the throe escribed circles. 

[See (2), Art. 111.] Ar>». 26.028, 28.807. 81.854. 
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113. Theorem. 



The product of the radius of the inscribed circle and the 
radii of the three escribed circles is equal to the square of 
the area of the triangle. 

The product of (8), article 106, and (3), (4), (5), 
article 111, gives 

k* k* 

-Jp(ip-a)(ip-6)(ip-c) ** 



114. Theorem. 

The reciprocal of the radius of the inscribed circle, the 
sum of the reciprocals of the radii of the escribed circles, 
and the sum of the reciprocals of the perpendiculars let fall 
from the vertices of the three angles on the opposite sides of 
a triangle are equal to each other. 

Taking the reciprocal of (8), article 106, we have 

W r~2k 

Taking the sum of the reciprocals of (3), (4), (5), 
article 111, 

m J_ .J. J p-2a p-2b p-2c^_ p 

Let p\ p", p"\ respectively, be the perpendiculars let 
fall from the vertices of the three angles on the sides 
a, 6, and c. Then we have 

.y-sft. ... -£- = £. 

In like manner, yr = ^k' Al80, IF * 2* " 
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As in the last Problem, we find 

CD z/»=b» + -^ ajycoBKc-J). 

(2) R= « = . « n -Arta} x gg>- 

w 2 sin A 4 sin J^4 cos \A \ 95, (5). 

(3) ,_ .-v~v m Ar , 111>(2) . 

p ... •* 4 J?/ cos £/? cos iC , ,« - /<rv 
• ' (4) sTn^I^ shTiZ ^y (2) and (3). 

Substituting (4) in (1), and reducing by (d) and (6), 
we have 

(5) W=*+ 2 ^co8KB+0) =JZ> 2 ^ 

w sin JA 

.', (6) zr =\ / W+2W\ 

.-. (7) P" = VR* + 2 J2r". 
.-. (8) D"'=l/ft* + 2 J?r"'. 



118. Examples. 

1. The three 6ides of a triangle are 21 # 23, 26; re- 
quired the distances from the center of the circum- 
scribed circle to the centers of the three escribed 
circles. An*. 25.19, 26.64, 29.73. 

2. The angles of a triangle are 56°, 60 3 , 64°, the 
greatest side is 25; required the distances from the 
center of the circumscribed circle to the centers of the 
three escribed circles. An*. 2G.9G, 27.80, 28.65. 

3. Given p ■--. 100, A -=.-: 55°, 7? .-. G0°, C = 65°, 
required J7, />", U". Am. 37.10, 3S.55, 40.01. 
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119. Problem. 

To find the distance between the centers of the inscribed 
and escribed circles. 



Let2>„ D tt D $ , be the 
distances. 

In the triangle OOE, 
we have 




sin \A 

Substituting the values of r", r, and sin \A, we have 

(2) D, = - 

(3) D t 

(4) 2),= 



,/*p(*p- 


-a) 


V be 

b 




J4p(4p- 


-6) 


\ ac 
e 


V a* 


-c) 



120. Examples. 

1. The three sides of a triangle are 30, 50, 60; re- 
quired the distances between the centers of the in- 
scribed and escribed circles. Ans. 31.05, 56.69, 87.83. 

2. The sides of a triangle are 500, 600, 700; required 
the sides of the triangle formed by joining the centers 
of the inscribed and circumscribed circles and the 
center of the escribed circle, tangent to the sides 600 
and 700 produced. Ans. 540.06, 104.58, 624.58. 
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121. Miscellaneous Exercises. 

•¥— 1 _.v>_VT+l 



1. Prove that sin 15° = 



r=, COS 15° = 



2 12 212 

tan 15° - 2 - l ~%, cot 15° = 2 + I % sec 15° = 



2V 2 



OOflBO 



2 12 



K8 + 1-" 1^3—1 

2. Find the sine and co-sine of 75°. 

Ana ein 75°= * 3+ l, cos 75°= V 



21 2 



21/ 2 



3. Why is sin 75°== cos 15°, and cos 75 d =sin 15°? 

4. How may the values of tangent, co-tangent, se- 
cant, and co-secant of 75° be found fruni the values 
of the sine and co-sine? 



vT 



5. Find the functions of 150°. 

Am. sin 150 3 = £, cos 150° = — 

6. Given sin a + cos a = V^2, to find a. 

Ann. 45°, or 45°+ 360°; or, in general, ~ + 2 ffsi 

7. Given sin 2 n — cos a, to find ". 

^n«. tt + 2 Trn, or £ tt -f- 2 7m. 

8. Prove that the Hum of the tangents of the three 

s of a plane triangle is equal to their product. 

9. Prove that the sum of the co-tangents of one-half 
the angles of a plane triangle is equal to their product. 

10. Prove that ABC is isosceles if cos A = =— : — ^ - 

2 sin C 

11. Prove that the sum of the diameters of the in- 
scribed and circumscribed circles of any plane tri- 
angle ABC is 

n cot A -f b cot B + c cot C. 
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12. If o is the base or the triangle ABC, p, the jK-r- 
pendicular to the base from tin' vertex of the opposite 
angle, and k, the sum of the sides a and c, prove that 

tan hB = 7—rrrr — r\- 

13. If * is the bast of the triangle ABC, j>, the per- 
pendicular to the base from the vertex of the opj*>- 
site angle, and d t the difference of the sides a and r, 
prove that 

(* + «*) fr-<0 
- 'v 



tin JZ? = 



14. If ft, b r and c be the sides of the triangle -4 Br, 
», thfl sum of the sides a and r, and r, the radius of 
the inscribed circle, prove that 



122. Computation of Natural Functions. 

Dividing the length of the semi-circumfereneo to the 
r;i.iius 1, which is ir = 3.141592653589793. . , by 1080, 
the number of minutes in 180 J , the quotient, which is 
.0002908882..., will be the length of the arc 1', and 
will differ insensibly from its sine. 

(1) sin 1'= .0002908882. 
. * . (2) cob 1' = V' 1 - sin» V = .9999999577. 

Adding (a) and (c), then (6) and (d), articles 89, 91, 
and transposing, 

(3) sin (a -f- 6) = 2 sin a cos 6 — sin (a — 6). 

(4) cos (a + 6) = 2 cos a cos 6 — cos (« — 1>). 
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If iii (3) and (4) h = I, a = 1, 2, 3 ... , in succession, 
wo have 

ale 2=2 cos 1' sin 1'- sin a- ,0005817764. 
Bin 3' - '2 cor 1' sin 2'— sin V = ,0008726646. 
- i d 4' - 2 cos 1' sin 3' — sin 2' = .001 103662ft 

ens '? = 2 cos 1' cos 1' — cos (f = .9999998308. 
cos 3* = 2 cos 1' cos 2' — cos 1' = .9999996193. 

To facilitate computation, for 2 cos 1'= 1.999 t JU09154 l 
use its equal, 2 — .0000000846. Then we have 

sin 2' = 2 sin 1' — .000000034G sin 1'— sin 0\ 
sin 3' = 2 ein 2* — .0000000^46 sin 2 r — sin 1'. 



After finding the sines and co-sines, the tangents and 
agents can be calculated from the formulas: 



1 5 1 tan a = 



sin a 



\6) cot a 



COS 'I 



cos a sin a 

It is not necessary to carry the computation beyond 
45°, since sin n —cos (90° — a), etc. 

The logarithmic functions can he found from the 
rnrr«"»i»iinding natural functions by the method of 

,i( t!i le 60. 



SPHERICAL TRIGONOMETRY. 

123. Definition ami K» marks. 

8pherical Trigonometry is that branch of Trigonome- 
try which treats of the solution of spherical triangL -. 

If any three of the six parts of a spherical triangle 
arc* given, the remaining ports can bo computed. 
The radius of the sphere is taken equal to 1, and 



;:;*;;// rtu isglks. 
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i side hae (ho same numerical measure as tl,<' 
rabtesded angle whoee rortes is at 

the ''.-liter of the sphere. Thus, 

a = BOC } b=AOC,t AOB. 

An i spherical triangle 

i- the angle included by the plan*-- of its sides which 
i- measured by the angle included by two lines, one 
Line in one pluii other in the other, hoth per- 

1 i.ular to the common intersection of the planes 
al The same point. 

Thus, if I? A", in the plane AOB t is perpendicular to 
".I, and if ED, in the plane AOC, is perpendicular to 
QA. then the angle BEIi will measure the inclination 
of the planes AOB and AOC, and will he equal to the 
angle A of the spherical triangle. 



RIGHT TRIANGLES. 
1S4. Napier's Circular Parts. 



f Napier's circular parts are the two sides adjacent to 
the right angle, the complements of their opposite 
angles, and the complement of the hypotenuse. 
Thug, if IfflP is a spherical *t-b 

triangle, right-angled at //, the 
circular parte arc // ( ;*, 90° — B t 
iwr — p, and W-h. 
Adjaceat parti arc those which 

Do! separated by an intervening circular part. 
Thus. & and 90°— P, 90° — P and 90° — A, 90 1 — A 
I 90° — B, 90°— B and p, p and b are adjacent 
parts. 

Tin* righfl angle U is not regarded as a circular 
pari, nor as separating Hie parts b and p. 
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Opposite parti are those which are separated hy an 
intervening circular port. 

Thus, & and 90°— A, 90°— P and 90° - B r BO 3 — h 
and ]i, 90° — B and b, p and 90° — P are opposite parts. 

Amy one of these five circular part* is adjacent to 
two of the remaining parts, and opposite the other 
two parts. 

Of any three circular parts, one part is cither adja- 
* < ut to both the others or opposite both. 

A middle part is that which is adjacent to two other 
porta, or opDOBifce two other parts. 



125. Exercises. 

Tell which is the middle part, and whether the other 
jkirts are adjacent to, or opposite, the middle in the 
following : 



1. 90°-i?, 90°— />, 90'— h. 

2. o, 90°— A, p. 

3. 90°— a, 90°- n, p. 

4. 90°— P 90'— B, b. 

5. A, 90°— B, p. ' 



a 90°-P, 90°— A, p. 

7. 6, 90°-/; p. 

8. 90°— B, 90°—/, h. 

9. 90°— A, 90°— P, ft, 
10. 90°— P, 90°— /?,/j. 



1211. Napier's Principles. 

1. 7V tine </ (fa middla part is iguo/ to {Ac product 
of (hi fmitfi ut* i)f tfir odfaoftii jxirfo. 

Draw /*/> and /'A', respectively 
perpendicular to OH and O/ 1 , and 
draw BE. BDE is a right angle, 
ftinoe the plane BOH is perpendicu- 
lar to top plnne /'O//, and fl/> If 

i.iIh ular to OH. The angle BED in o.jtml t<> /' 
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EB = Bin A, 0E= coe A, D£ = Bin p, and 0D= cos p. 

ED OE ED n . 

1* = W X 1>F orcosP=cotAtanft. 

. \ (1) Bin (90°— P) = tan (90°— A) tan 6. 

£Z> Z>5 £D , , 

= 7777 X 7Tp-> or sin 6 = tan j> cot P. 



OD OD ~ I>B 
.-. (2) sin b = tan p tan (90° — P). 

By changing P, 6, j> into B t p, ft, (1) and (2) become 

(3) Bin (90°— B) =. tan (90'— A) tan p. 

(4) Bin p = tan b tan (90°— £). 

Multiplying (2) by (4), member by member, we have 
sin ft sin p = tan 6 tan p tan (90°— 5) tan (90°— P). 

Dividing by tan ft tan p, and reducing, we have 
cob ft cos p = tan (90°— B) tan (90°— P). 
coe ft coe p = coe EODxOD=OE= coe A=sin (90°- A). 
.-. (5) sin (90°— A) = tan (90°— B) tan (90°— P). 

2. 7^ sine of the middle part is equal to the product of 
the cosines of the opposite parts. 

OE— cos EOD X OD t or cos A = cos ft cos p. 
. • . (6) sin (90°— A) =coe 6 cos p. 

DB = EB sin DEB, or sin p = Bin A sin P. 
, * . (7) sin p = coe (90°— A) cos (90°— f). 
«. .^o m sin (90° — A) sin p 
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This, by mihstiiuting cos h cos p for eh] (00° — /i), 
cos (90° — h) cos (90 3 — P) for .sin ;>, ami reducing, givee 

(8) ein (SK>°— B) =coe 6 cos (90°— P). 

By changing /), /', /?, /> into />, 7?, />, ju, (7) and (8) 
become 

(9) bid B - cos (90°— A) cos (DO 3 — £*). 
(10) ein (QO^-ZO^cos^cosCJO -!?). 

These (en formulas arc thus reduced to two princi- 
ples, from which the formulas can be written. 

The memory will be further aided by observing the 
common vowel a in the firet syllables of the words 
tangent and adjacent of the first principle, and the 
common vowel o in the first syllables of the words 
Bfrtiine and opposite of the second principle; that i.-^, 
we take the product of tho tangent* of the parts 
adjacent to the middle, and tho product of the cosines 
of the parts opposite tho middle. 




127. Maiuluit's Principles. 

If we take, as circular parte, the complement* of 
the two sides adjacent to the right angles, their oppo- 
ses, and the hypotenuse, we can readily deduce 
from the diagram, or bom Napier's principles, the 
following principles: 

1. The co-em* of the mvhilr jytrt m equal to the product 
oj the coJangente qf lAa adja/xid . 

2. The co-tiiic of the tniiidU part ft $qval (0 'hr | 
of thf tfaet of the OppOtit* ]>■ 

Let the ten formalae be written and compared with 
tin we of the last article. 



RIGHT TJ: 
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128. Analogies of Plane and Spherical Triangles. 

The formulas which demonstrate Napier's principles 
may be placed under forma which will exhibit the 
analogies existing between Plane and Spherical Tri- 
angles, as in the subjoined table. 



Ptmtc Right Triangles. 


Spherical Right Triiim/i,*, 


L**-- f. 


1 • n sm /' 

1. sin /•— . \ - 

sin A 


2. sin #="£-• 


- ■ r» Bill '' 

2. sm B = . . - 

Mil h 


3. cos P - ~ • 


3. COS /* = - -r • 

tun k 


4 cos B = 4-' 

A 


, - tan p 
4. cos B — - — f • 
tun A 


5. tan P=-£-. 




- , n t:mi> 
o, tan P= -, ' ■ 
sm 6 


& tan B = 

P 


6. tan B=- t ^i ■ 

&1XI p 


7. sin P = cos B. 


_ . n COS 2? 

7. sin P= r - 

COS 


8. sin B = cos P. 


Q . D COS P 

8. sin B = 

008 p 


9. A= = &» + pi- 


9. cos k = cos b cos />. 


tO. 1 = cot B cot i*. 


10. cos h = cot J? cot P. 



TheM formulas can be committed and applied in* 

itead of Napier*-* priii'-iples by those who prefer to 
do so. The analog i« - will as.-i-*t the memory. 
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129. Species of the Parts. 

Two parts of a spherical triangle are of the same 
species when both are less than 90° or both greater 
than 90°. 

Two parts of a spherical triangle are of different 
species when one part is less than 90° and the other 
part greater than 90°. 

Wt shall, at present, consider those triangles only 
whom parts do not exceed 180°. 

Let it be remembered that the sine is positive from 
3 to 180°, and that tho co-sine, the tangent, and the 
co-tangent are positive from 0° to 90°, and negative 
from 90° to 180°. Hence, if the co-sines, tangents, or 
co-tangents of two parts have like signs, these parts 
will he of the same species; if they have unlike signs, 
these parts will bo of different species. 

„ cos B , . „ cos P . Hna 

sin P = r- and sin B = - - • Art. 128, 7, 8. 

cos b cos p 

Since neither P nor B exceeds 180°, sin P and sin B 
are both positive; hence, cos B and cos b have like 
signs, bo also have cos P and cos p. Therefore, B and 
b are of the same species; so also are P and p. 

Hence, The Hides adjacent to the right angle are of the 
mme s^iecies ax their apposite angles, 

cos k = cos 6 cos p. Art. 128, 9. 

If h < 90°, cos h is positive; hence, cos h cos }> is 
jK>sitive; .'. cos b and cos p have lik.' signs; .*. ft 
and p are of the same species; . ■. B and P are of tho 
same species. 

Hence, Jf the hypotenuse is less than 90°, the two rides 
adjacent to the right avgle are of the same species; so also 
are their opposite angle*. 
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If A > 90°, cos A is negative; hence, cos b cos ;- ifl 
negative; .". cos b and cos p have unlike signs; . ■. b 
and p are of different species; .'. B and P are of 
different species. 

HenOB, /'* the /n/}-/oUntuc w greater than 1)0°, the ttco 

'<• are of different cpecics; *o 
tileo are their opjxxite angUa. 

I a t us now investigate the case 
in which a side adjacent to the 
right angle and its opposite angle 
are given. 

Let p and P be given. Produce the sides PH and 
PB till they meet in F. The angles P and F are 
equal, since each is the angle included by the plane 
Of the arcs PHF and PBF. Take FW PH - 6 and 
F& = PB=h. The two triangles, PHB and FWB % 
have the two sides PH and PB and the included angle 
P of the one, equal to FH' and FE and the included 
ancle i" of the other; hence, they are equal in all 
ih ir corresponding parts; .*. //' — //, B' = B, and 
HB' — HB. But H is a right angle; .-. H' is a 
right angle. Hence, either triangle, PHB or PH'B\ 
will answer to the given conditions. 

Since FW and PH are equal, and FW and Pll' 
■re supplements' of each other, PH and P//' are 
supplements of each other. In like manner it tan 
bfl shown that PB and Pi? are supplements of each 

other. 

When, therefore, a side adjacent to the right angle 
and an opposito angle are given, there are apparently 
two solutions. The conditions of the problem, how- 
r. may be such as to render the two solutions 
possible, reduce them to one, or render any solution 
impossible. 
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Let us now proceed to investigate these conditions. 

. ji tf 

L When P < 9CT and p < P. ^WX 

Wo have from Napier's princi- i^J_\^S 

pies, * "' 

bid h tas tan p tan (90° — P .), or sin /» — tan -y cot 7*. 

Since P < 90° and p < P, tan p < tan P; but we 
have tnn /' cot P — 1; .*. tan ^ cot /' < 1; hence, 
sin 6 < 1; then h < 90° or ft > 90°; hence, 6 may 
he cither of the supplementary arcs Pll or PR' which 
have the same sine equal to tan p cot P. 

If h < 90°, since p < 90°, A < 90° ; if 6 > 90°, 
rince p < 90°, h > 90°. Hence, if P < 90° and 
;j < P, either triangle, PJ/i? or /Y/'/T, will satisfy the 
conditions, and there will be two solutions. 




2. When P < 90° and j>=:P. 

We have sin b = tan p cot P, 
oa before. 

Since p = P, tan 7) cot P= tnn P cot P - 1 ; there- 
fore, sin ft = 1 ; . • . ft = 90°, or PH — 90°. 

From Napier's principles, we have 
sin (90° — h) = cos ft cos />, or cos A — cos b cos />. 
Since b =90°, cos b = 0; . *. cos ft cos p= 0; hence, 
ens ft = 0; . - . h = 90°, or PP = 90°. 

Bin (00°-5) = tan p tan (90°— ft), which reduces to 
II = tan p cot ft. 

Since A — 90°, cot h = 0; . •. tan p cot A = 0; 

.-. cos P -0; .-. B = 90°. 



P//'=180°- PH=- 90°; 
PJ>" ISO — PJ? -90°; 




. PH'^PH. 
. Ptf PA 



i:n;nr rui i \t;u-:s. 
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Hence, if P < 90° and p P. ( = 90*, h = 90°, 
90°, the two triangles reduce to the hi-reetangular 
triangle {'UP., and there ifl but one solution. 




3. When P < 90° and p> R 

\ \- fore, we have Bin b = tan p cot P. 

Sines }> and P arc of the same species, y* < 90°. 

Then, if p > P, ton ;>> taxi P; but tan P cot P_ 1 ; 
.'. tan p cot P> 1; . •. sin & > 1, which is impossible, 

Hence, if P < 90° and /> >P, no solution is possible. 
4. When P > 90° and ;> > P. 

U'c have sin // — tan ;* cot 7', 
as before, tan p and cot P are 
both negative, and tan p < tan P, numerically; but 
tan P OOt P = 1 ; . •. tan p cot P < 1 ; hftnoe, 
sin b < 1; .'. 6 < 90°, or 6 > 90°; hence. J> may 
I.*- either of the supplementary arcs PII or PH' which 
bfltvc Hie common sine equal to tan p cot P. 

K b < 90°, since p > 90\ A > 90°; if b > 90°, 
rincc p > 90°, h < 90°. 

Benee, if P> 90° and p > P, either triangle, PUB 

or PII'U' will satisfy the conditions, and there will be 
two solutions. 




5. When P > 90° and p - P. 

We have ein 6 = tan p cot P, as 
before. 

. •. sin b = tan P cot P — 1 ; . • . £ =.- 90°, 

• ■ . coe 6 = ; . • . cos /* = cos b cos p — ; .-.//-- 90°. 

.•. cot4 = 0; .-. cos If = tan j> cot A — 0; .-.5— 90°. 
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Hence, if P > 90° and p = P, b = 90°, h - 90°, 
B = WU°, the two triangles reduce to the bi-rectangular 
PHIS, and there is but one solution. 

G. When P > 90° and p < P. 

As before, we have sin 6 = tan p cot P. 

Since p and P arc of the same species, and since 
P > 90°, P > 90° 1 hence, tan />,cot P are both nega- 
tive, and tan p > tan P, numerically; but since 
tan P cot P — 1, tan p cot P > 1; .*. sin 6 > 1, 

which is impossible. 

Hence, if P > 90° and ;> < P, there is no solution. 



7. When P^ 90°. 



tan p = 



sin b sin 6 



= oo ; .-. ;> -90°. 



cot P 

. ■ . cos p = 0; . ■ . cos /* -=cos b cos j) = 0; . ■. \ — 90\ 

sin 6 — tan p cot P -- oo X 0; .". sin b is indeterminate. 

cos P _ 

cos p " ' 



sin B = 



. sin /? is indeterminate. 



Hence, if P~90, then ^^90°, A = 90', b and 7? are 
indeterminate; the triangle is In-rectangular, and there 
is an infinite number of solutions. 

Hence, the following results: 

p < P, Two solutions. 
; 90° and { p = P, One solution. 



./; > P, No solution. 

p > P, Two solutions. 

90° and { p = P, One solution. 

/; < P, N'<> solution. 
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P « 90°, ( 

p _ J h = 90°, I Infinite number 

h indeterminate, [ of solutions. 
B indeterminate, / 

By a comparison of these results, we find, 

1. If /i differs more from 90' than P, there will be 
two solutions. 

2. If p - P t and P < 90° or P > 90°, there will bo 
one solution. 

3. If ;> = P =- 90°, there will be an infinite number 
of solutions. 

4 If p differs less from 90° than P, thero will be no 
solution. 



130. Remarks. 

1. Napier's principles render it unnecessary to di- 
vide the subject of right-angled spherical triangles 
into cases, 

2. Two parts will be given, and three required. 

.">. These parts or their complements will be circular 
parts. 

4. Take the two given parts, if they arc circular 
parts, otherwise their complements, ami any. one part 
required, if it is a circular part, otherwise its comple- 
ment, and observe which is the middle part, and 
whether the other parts are adjacent to, or opposite, 
the middle part: if adjacent, the first of Napier's 
principle* will give the formula; if opposite, the 
second. 

5. Introduce R and apply logarithms. 

6. Apply the principles which determine the species 
of the required part. 
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1. To find 6. 

From the second of Napier's principles, we have 

sin (90 3 — k) = cos 6 cos p, or cos k — cos b cos p. 

Finding cos b and introducing R, we have 

. R cos h 

cos 6 = 

cos p 

. • . log cos b — 10 -f log cos k — log cos p. 

log cos h (110° W) = 9.54433 — 
log cosp ( 50° 45') = 9.80120 + 

log cos 6 = 9.74313 — . \ 6 = 123° 36' 31". 

Since the hypotenuse is greater than 90°, the sides 
6 and p are of different species ; but p < 90° ; 
. • . 6 > 90°. But log cos b corresponds to 56° 23' 29", 
and to its supplement 123° 36' 31" which must be 
taken, since b > 90°. 

The species of b can also be determined by the 
formula, 

coe h 



cos b — 



coa p 



Since k > 90°, cos A is negative, and since p < 90°, 
cos p is positive; .*. cos b is negative; .'. b > 90°. 
The signs of the functions may be conveniently indi- 
cated by placing the signs after their logarithms. 



RIGHT TRIANGLES. 



121 



2. To find B. 
sin (90° — B) = tan p tan (90° — A), 



cos 2? = 



tan p cot A 
J* 



. • . log cos B = log tan p + log cot A — 10. 

•log tan p ( 50° 450 = 10.08776 + 
log cot A (110° 3^) = 9.57274 — 

log cos B 



= 9.66050 — 



£=117° 14'. 



Since b and B arc of the same species, and since 
b > 90°, B > 90°. The species of B can also be de- 
termined from the sign of cos B. 

3. To find P. 

sin p = cos (90°— A) cos (90° — P) t or sin p = sin A sin P. 

. n i2 sin p 
.*. sin P= -^ — i^i 

sin A ' 

. ' . log sin P = 10 -f- log sin p — log sin A. 

log sin p ( 50° 45') = 9.88896 + 
log sin A (110* 300 = 9.97159 + 

log sin P = 9.91737 + . * . P-= 55° 45' 57". 

P is of the same species as p, and since p < 90°, 
P < 90°. The species of P can not be determined by 
the sign of sin P, since the sign of sin /' is plus 
from 0° to 180°. 

51 Given { p=100 .^ } **< B= 67 



° 54' 47". 
i>= 99° 57' 35". 

b=z 67° 00' 44". 



3. Given 

S. N IK 
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TRiaOXOMETLY. 



(B= 54° 01' 15". 



f h = 29° 46' OS" 1 I — ' 

Givea i P - 137° 04' 21"' f Re <M *= U2 ° W '- ' 

" J U^ir,r, o 27'."»". 



R ( 6 = 63° 15'. \ 

"• G,VOn \ ? « 55*2*. | Ret «- 



A= 7. r »° i:ViU". 
7? = 67° 27' 01". 
P= B8 a 25' IV. 



A= 70°2.V4l'\ 
6= 48° 24' IS". 
p= 59° 38' 27". 

( 6 =18°07'02"orl61°52':>v 



f B= 52° 32' 55". ) „ 
* GlVen \P= 66° 20' 4a'. J Re * 

( /»^=7fi° W ) ' ( b ~ 18 ° 0, % 
7. fiiv. • ' ' £ { ^=52°34'3rorl27°2.V->0". 

8. II* a lino make an angle of 40° with a fixed piano, 
nnd a plane embracing this lino bo perpendicular to 
the fixed plane, how many degrees from its first posi- 
tion must the plane embracing the line revolve about 
it in order that it may make an angle of 45° with the 
fixed plane? Am 67° 22' 44" or 112° 37' 16". 



133. Polar Triangles, 

The polar triangle <>f a given triangle is the triangle 
formed by the intersection of three arcs of great circles 
describe d about the vertioefl of the 
given triangle as poles. 

If one triangle in the polar of nn- 
oiher ( the second is the polar of the 
first. 

Thus, if A'n'(" is the polar ..f the 
triangle ABO, then ABC is the polar of A'Bff. 

Each angle in on<- ot two polar triangles is the sup- 
plomcnt of the f- i* 1' lying opposite to it in the other; 
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and each side is the supplement of tho angle lying 
opposite to it in the other. Thus, 

A = ISO' — a% B= 180° - V, C - 180 3 — •. 

„ = ISO'— A\ 6 = 180' — iT, r -, 180° — C\ 

180° — a, FT = 180° — ft, C = 180° — r. 

a'^ iso° — ,4, fc' = 180° — B, e - 180°— C. 

-If a' = 00°, ^i = 00° ; hence, if one side of a 
triangle is 90°, one angle of its polar triangle is 90°. 



133. Quadrantal Triangles. 

A quadrantal triangle is a triangle one side of which 
u '.K) . 

By the corollary of the last article, it follows that 
the polar of a quadrantal triangle is a right-angled 
triangle. 

A quadrantal triangle is solved by passing to its 
polar triangle, which is solved as a right-angled tri- 
angle, then hy parsing hack to the quadrantal triangle, 
which is the polar of the right-angled triangle. 



134. Examples. 



K= 90°. 

1. Given^P=129° 15'. 



( tf = 62° 46* 01". 



(//'= 69° 30*. 
Req./ JT= 56° 23' 30'. 
lj/ = 124° 14' (>:;". 

Pitting to the polar triangle, which is right-angl 
have 

fU= 90°. \ fis= 110° 30'. 

Given \ p = 50° 4ft'. I . •. 1 b - 123° 36' 30". 
\ It = 117° 13' W, I I P = 66° 4.V 57". 
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Passing back to the quad ran tal triangle, we find' 

fa'= 90°. \ <A'= 74° 2C. 

2. Given ■< <f = 99° Wf. V Req.K C'= 108° 05' 26". 
l&= 30° 12' 23". J ( 6'= 31° 29' 14". 




OBLIQUE TRIANGLES. 

136. Proposition I. 

The sines of the sides of a spherical triangle are propor- 
tional to the sines of their opposite angles. 

Let ABC be a spherical tri- 
angle. From C draw p, the arc 
of a great circle perpendicular 
to the opposite side or to the A 
opposite side produced. 

In the first case wo have, by Napier's principles, 

sin p = cos (90°— a) cos (90°— B\ = sin a sin B. 

sin p = cos (90°— 6) cos (90°— 4) = sin 6 sin A. 

.'. sin a sin jB = sin b sin A. 

. ' . sin a : sin 6 : : sin A : sin B. 

In the second case we have, by 
Napier's principles, 

sin p = cos (90°— a) cos (90°— JT) = A 
sin a sin B'= sin a sin B. 

sin p — cos (90° — b) cos (90° — -4) = sin 6 sin ^. 

.*. sin a sin 2? — sin b sin A 

.*. sin a : sin 6 :: sin A : sin B. 
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In like manner other proportions may be deduced, 
giving the group, 

(1) sin a : sin 6 :: sin A : sin B. 

(2) sin a : sin c : : sin A : sin C. 

(3) sin b : sin c :: sin B : sin C. 




136. Proposition n. 

Tfo co-sine of any side of a spherical triangle is equal to 
the product of the cosines of the other sides, plus the product* 
of their sines into the co-sine of their included angle. 

Let ABC be a spher- 
ical triangle, and O the 
center of the sphere. 

Let CM be perpendic- 
ular to the plane AOB. 
Draw MD and ME, re- 
b pec t i vely perpendicu- 
lar to OB and OA, and 
draw CD and CE, which will be respectively perpen- 
dicular to OB and OA; hence, the angle CEM = A, 
and CDM — B. Draw EF perpendicular to OB, and 
MX perpendicular to EF. Each of the angles MEN and 
EOF is the complement of OEF; . \ MEN=EOF= c. 

OD=OF+ KM. 

OD = cos a. 

OF == OE cos EOF= cos b cos c. 

NM= EM sin MEN = sin b cos A sin r. 

Substituting the values of 0D t OF, and A'A/, we have 
cos a = cos b cos c -(- sin b sin c cos A 



126 



TRIGONOMETRY. 



In like manner other formulas may be deduced, giv- 
ing the group, 

(1) cos a — cos b cos e + sin b sin c cos A. 

(2) cos h — cos a cos c + sin a sin e cos B. 

(3) cos c = cos a cos 6 + sin a sin b cos C. 



137- Proposition in. 

Tfie cosine of any angle of a spherical triangle is equal to 
the product of the sines of tfuz other angles into the CO- 
of their indwlcd side, minim tttc product of Utc cosines of 
these angles. 

The formulas for passing to the polar triangle arc, 

a = 1S0°— A\ b = 180* — IT, c= LS0° — C". 
A= 180* — a\ B=180°-fc\ C=180° — •. 

Substituting these values in the formulas of tho 
preceding article and reducing, we have 

— cos j4'=cos B* cog C — sin B' sin C cos a'. 

— cos B= cos A' cos C — sin A' sin C cos V. 

— cos C=cos A' cos B*— sin A' sin R cos tf. 

Changing the signs and omitting the accents, since 
tho formulas are true for any triangle, we have 

(1) cos A = sin B sin C cos a — cos B cos C 

(2) cos B = sin A sin C cos ft — cos A cos C. 

(3) cos C = sin /l sin B cos r — cos A cos B. 



138. Proposition IV. 

The cosine of one half of any angle of a Rphcrical tri- 
angle is eiptal to tfte aryuurc root of tfic quotient olitaincd by 
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dividing the sine of one-half the sum of the sides into the 
sine of one-half the sum minus the side opposite the angle, 
by the product of the sines of the adjacent sides. 

The first formula of article 136 gives 

. COSa — COS ft COS C 
COS A = : r ; 

Sin 6 sin c 
Adding 1 to both members, we have 
„ , cos a + sin 6 sin c — cos 6 cos c 

1 +COS A = : r — : 

sin ft sin c 
1 + cos A = 2 cos* iA. Article 95, (10). 
sin b sin c — cos b cos c = — cos (ft + c). Art. 89, (6). 

... 2co 8 «^= coea r" 08 . (6 + c) - 

sin ft sin c 
But by article 96, (8), we have 
cos a — cos (6 -\- c) = 2 sin J(o + ft + e) sin £(ft + c — a). 

Substituting and dividing by 2, we have 

. * A __ sin |(a + ft + c) sin j(ft -f c — a) ^ 
sin ft sin c 

Let s = a + b + c, then will i a = i (a + ft + c), 
}« — a = J(ft -\- c — a). 



Substituting in the value of cos 1 \A y and in the 
similar values for cos 3 \B and cos 2 $C, and extracting 
the square root, we have 



(1) cQ*lAz= J™Lk* sin (*• — "> 

* sin ft sin c 

(2) rn* iff = J^n £* sin (ja — 6) 



sin a sin c 



(3) 4^^ = J sin *.' 8in ft*~ c ) 
* sin a sin ft 
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139. Proposition V, 

The sine of one-half of any side of a spheriml triangle it 
eqxud to tftc square root of the quotient obtained by dividing 
mMHM the 00-MfM of one-half the sum of the angle* into the 
cosine of one-half the sum minus the angle opposite the tide, 
l>ij the product of the sines of the adjacent angles. 

Taking the formulas of the Inst article, passing to 
the polar triangle, making S = A' -{- t? -\- C, substitut- 
ing in these formulas, reducing, and omitting the ac- 



cents, we have 



(1) Bin 



in J a = */. 



— cos AS cos (JS — A) 



sin B sin C 



(2) sin jh = J — cos IS cob (18 -B) 

* sin ,1 -in C 



(3) 



in j* = J^^ifficog(i5-0 
* sin A sin B 



sin 



140. Proposition VI. 

7',,. gfmi qf tnw-hiiH af any angle af a spheriml triangle is 
cq%Utl to the square root of the quotient obtained by dividing 
the find of one-half the mm of the tides minus one adjn 

fato the VMM of oiU'half the tuff minus the other adjacent 
ridti l"j the produet of the sines of the adjacent sides. 



cos A = 



cob a — cos h COS r 
pin b sin e 



Article 136, (1). 



Subtracting both members from 1, we have 

f08 ft cos c J- sin /» sin r — cos n 
1 — COS A = 1 — r— ; 

sm h sin c 
1 — cos A = 2 sin 5 JA Article 95, (9). 




OBLIQUE TRIANGLES, 129 

ooe b cos c + sin b sin c = cos (6 — c). Article 91, (d). 

... 2Bin-^ = C08(6 .- c) - Coea - 
sin 6 sin c 

But by article 96, (8), we have 
coe (A — c) — coe a = 2 sin J(a + c — 6) sin $(a + b — e). 

Substituting and dividing by 2, we have 

sin* IA = 8ip K« + c — 6) sin j(o + 6 — e) 
sin 6 sin c 

But K«+ c— 6) = Ja — 6 and J(« + & — *)=i« — c 

Substituting in the value of sin 1 \A, and in the 
similar values for sin* \B and sin* \C> and extract- 
ing the square root, we have 

(1) sin jA = -Jgp ft'—*) ^"0. 
* sin 6 sin c 



(2) sin i5 = J Mn (j«- o) jj 

' sin a si: 



— a) sin (J*— c) 



sin c 



(3) «in y?= J rin(jf--o)«n(i<— 6) 
* sin a sin 6 



ML Proposition VIL 

TAtf co-sine of one-half of any side of a spherical triangle 
is equal to the square root of the quotient obtained by dividing 
the co-sine of one-half the sum of the angles minus one adja- 
cent angle into the cosine of half the sum minus the other 
adjacent angle, by the product of the sines of the adjacent 
angles. 
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Taking the formulas of the Last article, passing to 
the i*>lar triangle, making «S' — A'+IF + C', substitute 
ing, reducing, owl omitting the accents, we have 



CD «~ j* -J 00 " <**—*> *» as—c) 

M sin 515 C 

(2) cos J b = [c os (jS- -h < ,,- ( J6'-C) 

* sin ^4 sin C 

(3) cos ** = J^M^Jl^M^E. 

* sin -1 sin ^ 



H2. Proposition Tm. 

TVh; tangent of one-half of any ongh of n *phrrii><! v<- 
angle « "y ■ <•/ '" f/<* square roof <>f flic ifttolu'ttt obtained by 
•liritlii.q the sine of one-half the sum of th>* $Un mini's one 
adjaeent sule into the sine of one-half t/u *ttm minus the other 
adjacent aid*, By CAd «"»« "/" one-half the sum of t/tc side* into 
the tint of one-half the sum minus the opposite si>h\ 

Dividing (I), (2), (3), article 140, respectively, by (1), 
(2), (3), article 188, we have 

(1) tan \A = J^n (j^-77) 8in (j*-^ 

» sin j* sin (A* — a) 

(2) tan \B = J» n <*«— «)linj Ta"=g . 

* sin A « sin (J* — 6) 

(3) ttin jC = J " 8in <*»—") sin (I*— ft) . 
» sin J 8 sin (i« — tf) 

143. Proposition IX. 

7V«- taii'jriit ' if one h<\)f of <inif "idr of a tphf.riiXil triangle 
U&ptal to the ffliare root of the uuotittit attainM '»/ dieiilino 
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minus the cosine of one-half the sum of the angles into 
the co-sine of one-half the sum minus the angle opposite the 
side, by the cosine of one-half the sum of the angles minus 
one adjacent angle into the co-sine of one-half the sum minus 
the other adjacent angle. 

Dividing (1), (2), (3), article 139, respectively, by (1), 
(2), (3), article 141, we have 



(1) 
(2) 
(3) 



tan 



i*=V 



— coe jS cob (jS — A) 
cos (iS — B) cob (iS — C) 



tan J6 = / -cosiScosaS-B) 

>cos (JS — A)cm (JS— C)" 

tan Jc = J -cosJScosqS-C) 

> cos(JS — A) coe (JS — B)' 



The reciprocals of (1), (2), (3), articles 142, 143, will 
give formulas for co-tangents, which may be written 
and expressed in words. 



144. Napier's Analogies. 



Dividing (1), article 142, by (2), we have 

tan Ji4 _ sin (J s — b) 
tan J B sin (J * — a) 

This, as a proportion taken by composition and di- 
vision, gives 

tan J-4 + tan JB _ sin (J s — b) -f- sin (js — a) 
tan J A — tan J B ~~ sin (J * — 6) — sin (J s — a) 

sin \A sin J B 
tan J A 4- tan J B _ cos $A "*" cos J B 
tan J A — tan J B ~~ sin J A sin J B 

cos J A cos J B 
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Multiplying both terms of tbd second member ty 
cos $ A cos J B % 

tan IA 4- tan IB _ sin \A cos jB -f cos j A gin $B 
tan 4/4 — tan \B ~ sin i^4 cos $B — cos $A sin Jfi" 

Reducing the second member by articles 89, (a), and 

91. (c), 

tan j/4 H- tan hB _ sin K^ + B) 
tan J4 — tan AB = sin \{A—bY 

s in fj» — b) -f sin (A* — n*) tan jr 

Bin (4«— 6) -sin (Jfi-a) "tan i(a — 6)' ' l * 



sin $(A + B) 



tan ir 



* * sin i(A— B) tan i(«— ft) 
.-. (1) einJU+5) rainiU— i*)::tanic: tan i(a—b). 

The reciprocal of (1) X (2), article 142, gives 

1 sin J* 

tan £ A tun £ B ~ sin (J * — c) 

By division and composition, we have 

1 — tan J A tan ^ 7? sin &* — Bin (j* — c) 
1 -+- tan $A tan $B ~ sin Js -f- sin (J* — c) 

Reducing both members as before, we have 

cos j (A -f B) _ tan jc 
cos i {A — B) " tan A (<1 + 6) ' 

.-. (2) cos h{ A \-B) :coek(A—B) :: tan Jr: tan JO + ft). 

Passing from (1) and (2) to the polar triangle, we 
have 

(3) sin J(n + ft) : sin J(o —ft) : : cot JC : tan $(A— B). 

(4) cos J(a + ft) : cos }( a — *) : : cot ±C : tan &A+B). 



A k. 




OBLIQUE TRIANGLES. 133 

145. Proposition. 

In a right-angled spherical triangle, as b increases from 0° 
to 90°, from 90° to 180°, from 180° to 270°, and from 270° 
to 360°, if p < 90°, A inrmww /rwn p to 90°, from 90° to 
180° — p, decreases from 180° — p to 90°, and from 90° 
to P> if P > 9°°> * decreases from p to 90°, /rtwn 90° to 
180 3 — p, increases from 180° — p to 90°, and from 90° 
top; if p = 90°, A = 90° /or afl tjoiuw of b. 

1. p < 90° ; . • . coe p is positive, 
cos A = cos 6 cos p. Fv^^T"^ f * 

If 6 = 0, cos b = 1 ; therefore, 
cos h = cos p/ . • . h = p. 

As & increases from 0' to 90°, cos b is positive, 

and diminishes from 1 to 0; .*. cos A is positive, 

and diminishes from cos p to 0; .'.A increases from 
p to 90°. 

As b increases from 90° to 180°, cos 6 is negative, 
and increases numerically from to — 1; .*. cos A is 
negative, and increases numerically from to — cos p; 
.'.A increases from 90° to 180° — p, and the triangle 
becomes the lune HH'. 

As b increases from 180° to 270°, cos b is negative, 
and decreases numerically from — 1 to 0; .'. cos A is 
negative, and decreases numerically from — cos p to 0; 
.-.A decreases from 180° — p to 90°. 

As b increases from 270° to 360°, cos 6 is positive, 
and increases from to 1 ; . * . cos A is positive, and 
increases from to cos p; . * . A decreases from 90° 
to p, and the triangle becomes the hemisphere. ■ 
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2. p > 90'; . \ cos p is negative, 
cos h = cos 6 cos p. 

If b = 0, cos & = 1; therefore, 

cos A = cos j); . ' . A = p. 

As 6 increases from 0° to 90°, cos b is positive, and 
decreases from 1 to 0; .*. cos k is negative, and de- 
creases numerically from cos p to 0; .*. h decreases 
from p to 90°. 

Ae 6 increases from 90° to 180°, cos h is negative, 
and increases numerically from to — 1; .'. cos A is 
positive, and increases from to — cos p; .'. h de- 
crease* from w t-i iso° />, and the triangle becomes 
the lime Ml'. 

As b increases from ISO' to 270°, cos b is negative, 
and decreases numerically from — 1 to 0; .'. cos A is 
positive, and decreases from — cos p to 0; . *. A in- 
creases from 180° — p to 90°. 

As b increases from 270° to 360°, cos 6 is positive, 
and increases from to 1; .*. cos A is negative, and 
increases numerically from to cos p; .". A increases 
from 90° to p } and the triangle becomes the hemi- 
sphere. 



3. p = 90° ; . • . cos p = 0. 
. • . cos h = cos b cos p = ; . • . /* 



90°. 



Qw.— Since # and b are of the same species, B may 
be substituted for ft In tb« preceding proposition. 

In the application «>f these principles to the discus- 
sion of Case T, in which two sides and an nnple oppo- 
site one of them are given? a oonesponds to I, and 
JIB to fr. 
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Given two sides of a spherical triangle, and the angle oppo- 
site one of them; required the remaining parts. 



c Jsk 




Let a and 6 be the given sides 
and A the given angle. K 

I. ^<90°; .-.p<90°. 

sin p = sin o sin A. 

1. a = p. 

B coincides with H, and the triangle ABC becomes 
the right triangle ARC. 

2. a < 90' and a > p. 

By the last proposition the point B lies in the first 
or fourth quadrant, estimated from H. 

3. a = 90°. 
JLB z= 90° or 270°, and HCB = 90° or 270°. 

4. a > 90° and a < 180° — p. 
2? lies in the second or third quadrant from //. 

5. a = 180°— p. 

HB = 180°, and ABC = ABC + i the hemisphere. 

6. a = 180° — />. 

HB = JL4' or SGCP — HA', and then the first tri- 
angle becomes the lune AM. 

7. a — 6. 

WB =" /Iff or 360° — AH, and the second triangle 
becomes the hemisphere. 
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8. a < p or a > 180° — p. 
The triangle is impossible, since p is the least, and 
1 80 D — • p is the greatest value of a. 

II. ^>90 3 ; .-. p>90 a . /-* * 

sin p = sin 6 sin A, \^ / r/ 

i. «= P . ^-^* 

B coincides with J/, and .42JC becomes ^4HC 

2. a > 90° and a < p. 
B lies in the first or fourth quadrant from H. 

3. a = 90°. 
iZB = 90° or 270°, and HCB = 90> or 270°. 

4. a < 90* and a > 180° — p. 
B lies in the second or third quadrant from H. 

5. a = 180° — p. 

ifB = 180°, and ABC = AHC + $ the hemisphere. 

6. a = 18(P— b. 

UB = HA! or 360° — HA' t and the first triangle be- 
comes the lune A A'. 

7. a = b. 

HB = AH or 360' — AH, and the second triangle 
becomes the hemisphere. 

8. a > p or a < 180° — p. 

The triangle is impossible, since p is the greatest, 
and 180° — p is the least value of a. 

III. A = 90°. 

The triangle is right-angled, and is solved as in 
article 181. 
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147. Examples. 



^\*% 



A < 90°; .-. p<90°. 
sin p = sin b sin 4, ,\ p = 37° 48' 26". 

Since a > p and a < 180° — p, the triangle is 

possible. 

Since a < 6 and a < 180° — b, B lies between .ff 
and A oi H and .J'. 

sin p = sin a sin B f 
cos /7C£ = tan p cot u, 

cos a = cos 7» cos 2/5, 
cos .1' 7/ tan t> cot b t 

cos // = cos p cos ^4/7, 
C = ACH ± BCD = 146° 2? 43" or 18> bV 07". 
c = AH ± HB - 129° 15' 35" or 26° 60" 13". 
Tn AVE, ABC = ISO* — HBC = 135° 07' 55". 

We can also find B from the proportion, 
sin a : sin b : : sin A : sin B. 

and c can be found from the proportions, 
sin J (6 + a) : sin J (6 — a) : : cot $C : tan J (£ — A). 
sin .-1 : sin C :: sin a : sin c 



.-. B ^44° 52' 05". 
.-. HCB = 63° 46' 18". 
.-. HB =51° 12* 41". 
.-. ACH^ 82° 36-25". 
.-. AH =78° 02' 54". 



2. Gi'wm. 
a = 63° 50*. 



( a — 63° sir. \ t & — 

1 & = 80° w. > { 0= 

K A ^51° .W. ) I e = 



- 59° 16' 00" or 120° 44' 00". 
= 131° 29' 42" or 24° 37' 30". 
= 120° 47' SO" or 28° 32' 44". 



8. N. 13. 
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I 



3. Given. 

a= 75° Z$. 

h 101° 22'. 
A = 65 c _'s'. 

4. fiiren. 

a 99° 40' 48". 



1 



5. Given. 

a 100°. 
h= 85°. 
^= 50°. 



Rajirfrtd, 

B= 65° 28* or 114° 3?. 

= 180° or 57° 03' 32". 

e = 180° or 63° 20' 18". 



f a -- 99° W 48". } r 
< 6 - M° 23' 15". V < 
I A ==95° 38' 04". J I 



Rrqin'mL 

B 114° 26' 50" or 
23G° 51' 27" or 



65° 33' 10". 
97° 27' 13". 



c = 236° 01' 51" or HXP 4? 49". 

RapdtA 

B= 50° 47' 41" or 129° 12' 19". 
C= 186° 05' 16" or 342° 03' 12". 
e = 187° 50' 09" or 336° 39' 45". 



6. If A < 90°, what is the relation of a to p, or to 
180° — />, when there is no solution ? 

7. If A > 90°, what is the relation of a to p, or to 
ISO — p j when there is no solution ? 



148. Proposition. 

//i n rigkt-angfal ftpheriml Iriumjb; u# B inrmwes from 
0° to 90°, from 90° to 180°, from 180° to 270°, and film 
270° to 860°; ff p < 90°, P dcrrauc* from 90° to ;>, t/t- 
p r<> 90', ihcraaaa /row 90° to 180° — p. and 
decreaKB from ISO — ;, to 90 9 ; (f /> > 90°, P incrtasea 
(rum 90'" to y, dorreoAC* from p to 90°, decrtam from 90° to 
180°— p, and herauct from, 180° — p to 90°; #/> — 90°, 
P 90°, /or aB ta&ia of B. 

1. p < 90° ; . ■ . cos j> is positive. 
eos P — cos p sin B. 
If B = 0°, sin U = 0j .-.cosP-O; ,-. P-90°. 
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As /•' increase! from 0° to 90°, sin B is positive, 
and increases from to 1 ; .-. cos P Efl positive, and 
increases from to cos p; .-. P decreases from 90° 
to p. 

\* li increases from 90° to 180°, sin B is positive, 
ami decreases from 1 to 0; .-. cos P is positive, and 
decreases from OOS p to 0; . -. P increases from j> t-» 
\*i\ and the triangle becomes the lune HH\ 

As B increases from 180° to 270°, sin B is negative, 
and increases numerically from to — 1; . *. cos P is 
negative, and increases numerically from to — cos p; 
. -. P increases from 90° to 180°— ;>. 

As B increases from 270° to 360° sin B is negative, 
and decreases numerically from — 1 to 0; .*. cos P is 
negative, and decreases numerically from — cos p to 0; 
.'. P decreases from 180° — f> to 90°, and the triangle 
becomes the hemisphere. 

2. p > 90°; .'. cos p is negative, 
cos P — cos p sin B. 

U3 = V t AkB=0\ .-. cosP^O; .-.P=90°. 

As // increases from 0° to 90°, sin B is positive, and 
increases from to 1 ; .*. cos Pis negative, and in- 
oreasefi numerically from to cos p; .'. P increases 
torn 90° to p. 

As B increa**es from 90* to ISO , sin B is positive, 
and decreases from 1 to 0; .-. cos P is negative, and 
decreases numerically from ctm p to 0; .•. p decreases 
i'ri nn // to 90°, and the triangle becomes the lune. 

As B increases from 180° to 270°, sin B is negative, 
and increases numerically from to — 1 ; .". cos P is 
positive, and increases from to — cos p; .*. P de- 
creases from 90° to 180° — p. 
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As B increases from 270 a to 360°, sin B is negative, 
and decreases numerically from — 1 to 0; . '. cos P is 
positive, and decreases numericall}' from — cos p to 0; 
.-. P increases from i80° — p to 90°, and the triangle 
becomes the hemisphere. 

3. p = 90°; .'. cos p = 0. 

.-. cos P = cos pflin B = 0; . •. P=90°. 

Cor, — Since b and B are of the same species, 6 may 
be substituted for B in the preceding proposition. 



149. Case II. 

Given two angles of a spherical triangle and the side 
ojqmite one of them; required the remaining parts. 

Let A and B be the given angles, 
and b the given side. i- jL 

L -<I<90°; .'./;< 90°. ^^JU% 

li' " 

sin ^ = sin fr sin vl. 

1. B > /> and B < 90°. 



By the last proposition, the point i? lies in the first 
or second quadrant estimated from U as origin. 

The angle //"CiJ = 90°, and the arc HB =r 90°. 

3. B < 180°— ;>, and /? > 90°. 
B lies in the third or fourth quadrant from J7. 

4. B - 180° — p. 
The angle HCB = 270°, and the arc SB = 270°. 
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5. B = 90°. 

IIB =- 0°, 180°, or 360°, and the triangle becomes 
ACH, AVH -f i of a hemisphere, or a hemisphere -f 
ACH. 

6 B = A 

B lies in the first, or second quadrant from H, and 
one of the triangles becomes the lune AA'. 

7. B = 180° - A. 
B lies in the third or fourth quadrant from B t and 
one uf the triangles becomes the hemisphere. 

8. B <p or B> 180° — p. 

The triangle is impossible, since p is the least, and 
180° — p is the greatest value of B. 

II. ^>90°; . . p>90°. 

nin p = Bin h sin A. 

1. B < p and B > 90°. 
B lies in the first or second quadrant from H. 

2. B = p. 

The angle HCB = 90°. and the arc fTi? = 90°. 

3. B > 180° - p and i? < 90°. 
B lies in the third or fourth quadrant from Z/. 

4. B ** 1S0° — p 
The angle //Ci? = 270°, and the arc UB = 270 n . 

5. B = 90°. 

TTB s= 0°, ISO*, or 360°, and the triangle Gnomes 
ACHj ACH -f- i of a hemisphere, or a hemisphere + 
ACIL 
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6. B = A. 

B lies in the first or second quadrant from if, and 
one of the triangles becomes the lune AA'. 

7. B = 180° — A. 

B lies in the third or fourth quadrant from H t and 
one of the triangles becomes the hemisphere. 

8. B > p or B < 180° — p. 

The triangle is impossible, since p is the greatest, 
and 180° — p is the least value of B. 

III. ^ = 90°. 

The triangle is right-angled, and is solved as in 
article 131. 

150. Examples. 

CA = 75° 2ff.\ fa. 

1. Giv.-^ 5 = 80° 40\ V ReqJ C. 

U = 70° 50\J I c. 

A <90°; .". j><90°. 

sin p = sin b sin A; . • . p = 66° 07' 56". 

Since B > p and < 180° — p, the triangle is pos- 
sible. 

Since B < 90° and >/>, B lies in the first or second 
quadrant from H. 

- D (67° 5C. 

sin p s dn a Bin B, . \ a = j UJ0 M , 

The second value of a, the supplement of the first, 
is taken when B lies in the second quadrant from H. 




oshxqvM muxouss, 
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coe B = cos p bui i/CB, 



sin HB = tan 2' cot #, 



„ f 23- 37' 41". 

I 156' 12' 10". 

i L58° 11'4I". 



cos AC11 _ tan p coU, . -. itOH - 38° 13' 30'. 

cos ft = cos p coa i-1/7. .-. AH = 35° 40'. 

= ,4Ci/ + HGfl = 61° 51' 20" or 194° 36' 5:2". 

c = AH + HB - 57° 34' 19" or 193° 57' 41". 

Wfl can find a, r, and C from the proportions, 
sin B : sin A : : sin h \ sin o. 
sin |(J) -\- A) : sin b(B- A) :: tan }f : tun A(& — a), 
sin 6 : sin <• ; : ein B : sin 0! 



2. 01 

i4= 33° l.V. 
2J = 31° 34' 38". 
b = 70' XV 30". 

3. Gfem, 

A = 132° Iff. 
2? = 139° 44'. 
b 127° 3(X. 

4. Sim, 

.4 = 48°50'. 

fl=13i° Iff. 

75° 48'. 



/ 



Bdq i 

0=80' 03' 25" or 90° 56' 35". 

C = 161° 24' 52" or 173° 30' 62*- 

, c = 145° 03' 13" or 168° 18' 23". 

a- 65° 16' 30" or 114 c 43'30". 
C = 165° 41' 40" or 120° 40' 4-!". 
c = 102° 20* So' or 100° 07 -■>" 






a- 75° 48' 
C = 36U° 

c = 3eo° 



or 101° 12'. 
or 828" 88* 28". 
or 317° 50' 42", 



Scholium. — In the two preceding cases some of the 
parts are found to be greater than 180°; but the COT- 
r '-fwnding triangles conform to the conditions of the 
problem, and ar.« therefore true solutions. 
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Parts greater than 180° arc usually excluded, in 
which case the principles of the following article will 
aid in determining the spociea of the parts. 

The principles established in Geometry are given 
without demonstration. 



151. Principles. 

1. Each prirt of a spherical triangle is less than 180°. 

2. The greater side is opposite the grciiter angle, and con- 

vcwlt/. 

3. Each side is Jess than the sum of the other sides. 

4. The mm of the Hides is less Chan 360°. 

b. The sum of the angles is greater than 180°, and less 
than 540'. 

6. Etrh <nirj>- is greater than the diffcrenee betteccn 180° 
and the sum of the oilier angles. 

For, A+ B + C> 180°. Principle 5. 
.-. A > 180°- (B + C). 

The last formula is always nhjehraiaiUy true; hut in 
ease B + C> 1S0°, it might be doubted whether it is 

numerically true. 

Passing to the polar triangle, we have, by principle 3, 

a' < V + <f. 
or 180° — A < 180° - B + 180° — C. 
or — A < 180° — (tf-f Q. 

.'. A> R + C— 180°. 

7. A *ide differing more from 90° titan another side is 
of the same species as its OppOtiU angle. 



OBLIQUE TRLUtGLES. 

By artirle 136, we have 

cos o — cos b cos r + sin b sin c cos A. 
cos a — coe b coe c 
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cos A = 



sin 6 sin r 



Hut sin ft sin e is positive, since ft and r are each 
1. aa than 180°. 

If a differs more from 90° than b or e, then ire shall 
have 

cos a > cos ft, or cos a > coe c, numerically; 

and since neither cos b nor cos c exceeds 1, we have 

cos a > cos b cos c. 

. ' . cos A and com a have the same sign, . • , yi and a 
are of the same species. 

8. An angle differing move from 90° than another angle 
is of the MOM tyjcncs a* iU opposite tide. 

By article 1S7, we have 

cos A = sin B sin cos n — cos B cos £ 
cos yl -f cos /? cos C 



cos a = 



sin £ sin C 



If -1 differs more from 00° than B or T, then, as 
before, COS A and COS i have the same sign, or ^1 and 
a are of the same species. 

• i 7 <4, arc of the same specie* as their oppo- 

ld conversely. 

If each of two sides iliilirs more from 90° than the 
remaining side, they will be of the same sjHM-i^ a- 
tlwir opposite angles, as is evident from principle 7. 

If the triangle is isosceles, and the equal eides less 
than 00°, the perpendicular from the vertex to the 
third side will be less than 90°, since one-half the 

S. N. W 



IWf 



TIllQOKQMETllY. 



third side tfl lew than 90°, and the angles apposite this 



Ih- 



[nrjH:iidicular v 

the same species as their opposite sides. 

If the equal sides arc greater thnn 90°, the perpeH- 
dicular will be greater than 90°, since one-half the 
third side ia lew than 90°, and tho angles opposite the 
perpendicular will be greater than 90°, article 129, or 
of the same species as their opposite sides. 

If one side exceeds 90° by as much as 90° exceeds 
another Bide, and tin- third side is greater <«r less than 
rat h «*f the other sides, this third side is of the smie 
Bpeciea as its opposite angle by principle 7. 

If the greater of the two sides is of the some species 
OS its opposite aiu/le, then we shall have t\v<< sides of 
tho same species as their opposite angles. 

If the greater of the two sides is not nf the same 
species as its opposite angle, this angle will U- of the 
same species as the oilier side, or less than 90° ; but 
the angle opposite this other side is less than the angle 
Opposite the greater side, and hence less than 90°, or 
of the same species as its opposite side, and again we 
have two sides of the same Hi»ecie« as their opposite 
angles. 

10. Thr nun „{ too r&Zbi ft greater 1 thau, sjwd to, or le** 
(}"ni, 180°, according at ths rum tf (hex Us angUs 

"i'ii- (/nut, equal i<k or fan than, \so n . 

t ID A( a + W coe l(A + B) =tan Jr cos AM— B). Art. 144. 

But e < 180°, . -. J r < 90°, Uin A c > 0, 
and ,4— £ < 1*0°, . •. K- 4 — ^) < 90°. cos l(A—B) > 0. 
. •. tan A ■ COS V-l— B) >0, tan J(o+6) coe k(A+B)>0. 
.*. tin V-r f 6) and cos %(A -f B) have like signs. 
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.-. If MA-\ /;> . or < 90°, Ko 5 . w 90° 
.-. If J + JJ >, = <*< 180°. a -*-/>>, — or< 180°. 



US. Case III. 

n fir/i x/'W/v oral tfa> itn'lvihii (lligU "J " 9p/tCntal 

triamgU; reqwsnd thr remaining part* 



■/ & = 65° W. V Req. • B. 




W6 WTO) article 144, 

Urt + 6) : cob J (a - 6) : : rot J ! ton A (.1 + J?). 

sin A fa -f /.; : sin |(<l — - 6) : : cot £C : tan i(-4 — £). 



f J(^ + U) = 71° 21'49".) I J 

'• U(.i- *)= iPor^i"./ ■'• \B = 



=»S3 C Vt J"'. 
65 € Mf 28*, 



We also have, article 144, 

sin i(-4-ffl) : sin fr(J~ B) :: tan Jr : tan \(a — 6). 
.-. Jo- 46° 43' 09", .-. c = 93° 2ff 14". 

We e&n also find <• from the proportion, 

sin A : sin C : : Bin a ; sin r. 

Tint the xpt'i-ii's of '' is more readily determined from 
tin- proportion employed; for if we take the Hiipple- 
ment of 4f>° 43' 00". thru e vooM bo greater than 180°. 

Again, all the known terms of the proportion are 
positive; hence, tan Jr is positive, .'. kr < !M)°. 



»= 120° .WW. 



A= 135° 05' 29". 

. 70° 2C 20", V Kcq. •( B = 50° 3tf W. 

C= 60° VJ 10". ) I c = 60° 34' 58". 
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163. Case IV. 

Given two angles and the included side of a spherical 
triangle; required the remaining parts. 



A= 62° 54'. 


| 


fa. 


B= 48° 30'. 


Ueq.. 


V- 


e = 114° 29' 58".. 


1 


\c. 



o 



We have, article 144, 

cos * (A + B) : cos J {A — B) : : tan J c : tan J (a + 6). 

Bin J (^4 + B) : sin ${A — B) :: tan £c : tan 4 (a — 6). 

= 83° 12' 06". 
56° 39* 30". 

We also have, article 144, 

sin J (a + b) : sin A (a — 6) 

.-. £C=62° 40', 

r ^ = 126° 35' 02". 



f i(a + 6) = 69° 55' 48". 1 f a = 

•'• \£(<i-*) = 13° Iff 18"./ •*• \6 = 



cot \C : tan \(A — B). 
C=125° 20'. 



2. Given < B= 01° 43' 58". 
U = 57° 30\ 



Req. < 6 = 82° 27' 59". 
I C = 48° 31' 38". 



154. CaseT. 

<7it>en *A« three sides of a spherical triangle; required 
the angles. 



ca = 100° 49' 30". 
1. Giv. < h = 99° 4(y 
lc = 64° 23 



'30".| CJL / \ 

'48". V Req. < B. / \ 

' i5". J la aL^ _^ 



By article 138, wo have 

coe iA = J «niiwn(t»-g) 

V win h din r 
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Introducing R and applying logarithms, we have 

log cos \A = i [log sin i* -f- log sin (J * — a) 

+ a. c. log sin b -f- a. c. log sin c]. 

. ■ . \A = 48° 43' 14", . • . A = 97° 26' 28". 

T ... c , f 2? = 95° 38' 00". 

In hke manner we find \ c = ggo 33, w , 

j- a = 85° 30\ -j /- ^4 = 83° 29' 08". 

2. Given \ b = 65° 4(X. V Req.<| B = 65° 14' 20". 

( c = 93° 2& 18". i I C = 95° 50*. 



155. Case VI. 

Given the three angles of a spherical triangle; required 
the sides. 



rA= 119° 15'. 

1. Given <B = 70° 3JX 

IC= 48° 3ff 

By article 139, we have 



;} •*{! /j 



^ 1^- .I cosqS — B)cosqg — C) 
\ sin 5 sin C 

Introducing i2 and applying logarithms, we have 

log cos J a = i[log cos &S — B) + log cos (AS— C) 

+ a. e. log sin B -{- a. c. log sin C]. 

.-. An = 5G° 11' 31", .-. a = 112° 23' 02". 

In hke manner we find < 



2. Given 



52° 39' 00". 

( A = 121° 3ff 24". -j r o = 76° S& 00". 

\ B = 42° 15' 13*. V Req.-J 6 = 50° Iff 40". 
IC = 34° 15' 03". i i c = 40° 00' 20". 
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MENSURATION. 

156. Definition ami Classification. 

Mensuration is the art of calculating the values of 
geometrical magnitudes. 

M- usuration is divided into two branches — Mcnau- 
ration of surfaces and Mensuration of volumes, 

MENSURATION OF SURFACES. 

157. Unit of Superficial Measure. 

A unit of superficial measure is a square each side 
of which is a linear unit. 

Thus, according to the object to be accomplished, a 
square inch, a square foot, a square yard, an acre, etc., 
is the superficial unit taken. 



158. Problem. 

To find the area of a rectangle. 

Let k denote the area, b the base, and a the altitude 
of a rectangle. 

There are a rows of b superficial units 
each. 



Since there are b superficial units in one row, in o such 
rows there will be a times b or ah superficial units. 
.'. (1) k = ab. 

The above demonstration applies only in case the 
base and altitude are commensurable, or have a com- 
mon unit. 




SIT. FACES. 
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If the base and altitude arc incommensurable, ft aote 
the area by /.', tli g bo* by f'. and the altitude by «' '. 
Then, sinre by Geometry any two rectangle are to 
akch oth.r as the products of their baaed and alti- 
tudes, wo have 

I : V : : <ib : «V. 

But fc = o& ,-. f = aV. 



159. Problem. 

To /ad *Ac area o/ a paTtillt:l>><tr<ii)t. 

1. When the hose and altitude are given. 

Let it denote the area, & the base, and __ 

a the altitude of a parallelogram. / \ 7 

Since a parallelogram is equal to a \f y 

rectangle, having the same base and 

altitude, and since the area of (he rectangle is equal 

to the product of its base and altitude, the area of the 

jwirallelogram is equal to the product of its base and 

altitude. 

.-. (1) I = a0. 

2. When two Fides and their 

included angle are given. * /! / 

« = e sin A. .'. (2) k = be sin A, 



1G0. Problem. 

To Jind the area of a triunyle. 
1, When the base and altitude are given. 

Since a triangle Lfl one-half the 

parallelogram having the same base 
and altitude, we have for the tri- 
angle, 

(1) h^hab. 



T 
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2. When two sides and their included angle are given. 
Since a triangle is one-half the , 

parallelogram, having an equal angle 
and equal adjacent sides, we have for 
the triangle, 

(2) k = ±bc sin A. 

3. When two angles and a side are given. 

The third angle is equal to 180° 
minus the sum of the given angles. 

Let, then, the angles and the Bide 
b be given. 

By the last case, we have 

k = bbc sin A. 

But sin B : sin C : : b : c, . * . e == 

Substituting this value of c } we have 

, q . r ^ a 8 * n A sin C 
W k ~ 2 sin B 

4. When two sides and an angle opposite one of 
them are given. b 

Let a and c be the given sides, 
and A the given angle. -a. 



6 sin C 
sin B 




In case of one or two solutions determined by 
article 72, find the value or values of C and B from 
the formulas, 

BinC= C8i ^ - , and B = 180° - (^ + C). 

Then, by (2), we have 

(4) k = iac sin B. 
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6, When the three sides are given. 

Let p = the perimeter = a + b -f ft 
Then, by article 102, we huvc 




(5) k--\ *p(ip-a)($p-b)(hp-e). 

6. When the perimeter and angles are given. 

Let p be the perimeter, and A s B t 
and C the angles. 

By article 98, (10), (11), (12), 




)jj*taii£/I tan J5taniC=l ip(ip — a)(ip- 6)(ip— <0- 
■ \ (6) * = $p* tan f I tan \Q tan JG 




7- When the [lerimeter and radios of the i inscribed 
circle are given. ^ 

Let p = a + b + e, and r be the 
radius of the inscribed cireU i. 

ABC? = HOC + ^0<? -f AOB. *^ 

.4/?C - fc, BOC ss h ar, AOC =a $ Br, /tOfi = 4 rr. 

.-. jfe = J (a -f b -f O *V but a +6 + c=jj. 

.-. (7) h=>ipr. 



161. Examples. 

1. Find the area of a triangle whose base is 75 ft., 
ind altitude is 24 ft. An$. 900 sq. ft. 

2. Two sides uf a triangle are 25 yds. and 30 yds., 
respectively, and their included angle is 60" ; required 
the ana. ' Asm. 287.2665 sq. yds. 
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3. In a triangle, 6 = 100 ft., A = 50°, C= 60°: 
required the area, /in*. 352VM) eq. ft. 

4. In a triangle, a — 40 yds., r = 50 yds., -1 = 10°; 
required the ana. Ant. 998.18, or 282,88 aq. yds. 

5. In a triangle, a = 12 ft., b = 15 ft., c s 17 ft.; 
required h. Ann. 87.75 »j. ft. 

6. In a triangle the perimeter is 20 ft. f and the 
angles are 50°, 60°, and 70°, respectively; required 
the area. Ans. 18.85 sq. ft. 

7. In a triangle the perimeter is 60 ft., and the 
radius of the inscribed circle is 5 ft.; required the 
area. An*. 150 eq. ft. 



163. Problem. 

To find (Jie area of n quadrilateral. 

1. When two opposite sides and the perpendiculars 
to these sides from the vertices of the angles at the 
extremities of a diagonal are given. 

Let b and b' be two opposite sides, 
and a and a' the perpendiculars to 
these sides from the vertices of the A l 
angles /' and B. 

ABCD = ABD + DCB. 

ABCD = k t ABD^\af> t DCB = \ rib'. 

.-. (1) k = iab + ia'b'. 

Corollary 1. — If h' is parallel to b, the quadrilateral 
becomes a trapezoid, a' = a, and (1) becomes 

(2) * = Ja(& + 6'). 
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Corollary 2. — If U — b, the trapezoid Incomes a 
parallelogram, and (2) becomes 

(3) t — ofc 

Corollary 3. — If b' — 0, the trapezoid becomes a tri- 
angle, and (2) becomes 

(4) k = hab. 

2. When a diagonal and the perpendiculars to the 
diagonal from the vertices of the opposite angles are 

given. b 

Let d denote the diagonal, and p 
and }t the perpendiculars. a 

ABCD = ABC -f ADC 

ABCD = *, ABC - idp, ADC = J rfj/. 

.-. (5) k = id(p + p>\ 

3. When the sides and a diagonal arc given. 

Let the areas of the triangles be de- 
noted by li' and k J ', which are found 
by article 1G0, (5). 

.-. (6) k = V+ r. 

4. When the sides and one angle are given. 

Draw the diagonal oppreite the given 
angle, and call the areas of the tri- 
angles k' and *". a 

In one triangle we have two sides 
and their included angle, from which we find the area 
and the diagonal. 
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Then, in the other triangle, we have the three sides, 
from which we find the area. 

.-. (7) k = V + V. 

5. When the diagonals and their included angle are 
given. _^d 

Let d and d' denote the diagonals ^, 
p and q t r and * their segments, , /A _ 
and A their included angle. 

The angles at A are equal or sup- 
plementary j hence their sines are equal. 

BCDE = BAC + CAD + DAE + EAB. 

BCDE = h, BAC= i'pa sin A t CAD = |gs sin A. 

DAE= iqr sin A t EAB = Jpr sin A. 

.•. jfc = J(jw + qs -f qr -f jw) sin A. 

B\it p8 + q* + qr + pr=(p + q)(r + 8) = dd'. 

.-. (8) k = idd' sin .4. 

6. When the angles and two opposite sides are 
given. 

Let a = BC, and b = -4Z). 
£ = 180° — (B + C). 

The angles at A being 
supplementary, their sines are equal. The same is 
true of the angles at D. 

ABCD = BCE — ADE, ABCD = Ic. 

n^p a * 8 * n & 8 * n inn fi 1 sin A sin D 
2sin E 2sin E 

.„v , a* sin B sin C 6* sin A sin D 

•'• W *— 2sin£?- 2sin £ 
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7. When three sides and their included angles are 
given. 

Let a, 6, and c be the given sides, c 

and A and B their included angles. 

ABCD=ABD + DBC. 

ABCD = *, ABD = J aft sin A. 

Find # and d, B' = B — B, DBC=\cd sin 5". 

.-. (10) k = £aft sin A + hcd sin B". 

8. When the sides of a quadrilateral inscribed in a 
circle are given. 

Let a, ft, e, d be the given sides. 

ACBD = JCB + ;1Z>A 

40£Z> = fc, ^CB = iab sin C. 

^1/)B = J rrf sin Z> = J cd sin C, 

since D = 180° — C. 

.-. * = i(oft + cd) sin C. 

AB* = a* + ft* — 2 a* cos C, article 97. 

ZB 3 = c * + d* — 2<T*cosZ> = c J + d» + 2<rfco6C. 

*. c 3 + d« -f 2 cd cos C = a* + 6 s — 2 aft cos C. 

a 3 _|_ fet _ c j _ & 




cos C = 



2 (aft + <tt) 



sin C-rl- co8 8 C, Lets=a + ft + c + d. 

■ n : nP 2* (P-«>(*»-fe)(*«-g)(i»-<ti _ 

' ■ Mn 1 ' aft + ai 

.-. (U) ft = !/(*• — a) (J*-ft) (i«-r) (i7=d)I 
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i <»'.*. Examples. 

L Two opposite sides oF a quadrilateral are 35 rds. 
and 25 rds., and the perpendiculars to these sides 
bom the extremities of the diagonal are, respectively, 
IS rds. and 16 rds.; required the area. 

Aim. 410 sq. rds. 
St Find the area of a trapezoid whose bases are 15 
rd8. and 20 rds., and whose altitude is 18 rds. 

Am. 315 sq. rds. 

3. Two adjacent sides of a parallelogram arc 30 rds. 
and 40 rds., and their included angle is 30° ; required 
the ii: An*. GOO sq. rds. 

4. The diagonal of a quadrilateral is 40 rds., and the 
two perpendiculars to the diagonal from the vertices 
of the opposite angles are 10 rds. and 15 rds., respect- 
ively; required the area. Ans. 500 sq. rds. 

5. The sides of a quadrilateral arc 30 rds., 40 rds., 
50 rds., and 60 rds., and the diagonal drawn from the 
intersection of the sides, whose lengths are 30 rds. and 
10 rds., is 70 rds.; required the area. 

Ans. 1874.22 sq. rds. 
& The sides nf a quadrilateral are 25 rds., 35 nK, 
4o rds., 55 rds., and the angle included by the sides, 
Whose lengths arc 3- r » rds. and 45 rds., is 60°; required 
the area. Am. 027.47 sq. rds. 

7. The diagonals of a quadrilateral are 30 rds. and 
-l<> rds., and their included angle is 30°; required 
the area. Ant. 300 sq. rds. 

8. The angles of a quadrilateral an 80*, 110°. 88°, 
S'2°, the side included by the first and second of these 
angles is 25 rda, and the side included by the third 
and fourth angles is 45 rds. ; required the area. 

Am. 4105.08 M. rds. 
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9. Three sides of a qnadrilatera] an '20 rds, 80 ids., 

10 ids., the angle included by the first ;uul second is 
60°, ;ind between the second ami third, so"; required 
tin- area. An*. 698*58 aq< rda 

10. The sides of a quadrilateral iaeoribed in B circle 
arc 40 rds., 60 rds., 60 rds., 70 rds.; required the area* 

Ant. 2808.2S Bq, rd^. 

11. The area of a pnrallelogrnm is 47.G&5 sq. f ( .. the 
Bidefl are 6 ft. and 8 ft.; required the diagonal. 

An*. 9 ft., or 10.906 ft. 

12. If the adjacent sides of a parallelogram arc b 
and r, and their included angle .1, find .1 and k when 
jfc is a maximum. -In- -I '.K>°, k f#: 

13. The sides and angles being expressed as in the 
last example, find A ami k when X' is a minimum. 

Am. A - 0° or 180°, k 

11. If only two adjacent side?*, h and r, of a paral- 
;ram be given, prove thai I Lfl Endi t« ruiiiiaie be- 
in the limits o and be 

15. Prove that the diagonals of a parallelogram divide 
it into four equal triangles. 



164. Problem. 

To find the <"W of o/i irrrij'tlor fJi/yon. 

1. When the sides and diagonals from the same 
vertex are given. 

Tin- diagonals divide the polygon 
into triangles whose sides are given. 

The ureas of tbeee triangles, k\ k", 
#", . . . are found by artiele 160, (5). 

ri) t f 4- Jt"-f r'4 
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2. When the diagonals from tho same vertex, and 
the perpendiculars to these diagonals from the oppo- 
site vertices are given. 



(2) * = Jdp + 4dy+W4 ••• 



8, When the perpendiculars to a diagonal bom the 
vertices of the opposite angles and the segments of 
the diagonal made by these perpendiculars are given. 

The polygon is divided into 

right triangles and trapezoids, 

whose mftfl k\ k" t k'", .... are 

band bjf Mttate 162, (2), (4). 

4. When one side of a. figure is a straight line, and 
the opposite side is an irregular curve or broken line. 

Let the straight line be divided 
into the parte o, <t\ a", . , . . , and 
let the perpendiculars be />, 7, r, . . . 
dividing the figure into parts which may be con- 

.-iil- red trapezoids, 

••- (1) I' -ia(p + q) + ifl'& + r)+Ja> + tf). 

If a' = a and «" = a, (4) becomes, 

(5) * = $a(p + 2o-|-2r--f *). 





166. Examples. 

1. Find the area of tho annexed 
|K>lygon if /' 10 rds., q 6 wfa.j 
f S rds., * 7 11I-, 1 15 rds., 
d 14 rds., d' - 16 rds. 




I UL88 QK rde. 



STIiFAt J'S 
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2. Find the area of the annexed 
polygon if /j = 3 rds., d = 9 rds., 
p' = 4 rds., ef* = 12 rds., and 
p" = 5 rds. 67-B sq. rds. 

3. Find the area uf the annexed 

,n if p = 3 ft., ft = 5 ft., p"= . k\ 

■4 ft., a = 5 ft., 6 = 6 ft., e = b' ft., " 
d = 9 ft., t = S ft. -4»*. 8Ql6 so, ft 

4. Find the area of the annexed 
figure. ;j — 2 td&, ] 3 ids., r ~ j\ 
4 rds., t — 3 rds., a — a'— a"— 5 rds. 



Ant. 47.5 sq. rds. 
166. Problem. 

To find the nren of a regular polygon. 

1. When the perimeter and apothegm nre given. , 

Let p be the perimeter, « the apo- 
them, and e one side of the polygon. 

k = ias + $as + bat + %att + ... 

.-. (1) k = *ap. 

■J. When the value of i':«'li side and the number 

of -idea are given. 

Let * he one side, n the numl>er 
uf sides, o the apothem, and ;* the 
perimeter. 




7)0/2 = 



:;r.d- 
a n 



" 




0/> = Dtf cot -DO/?, or a = J« cot 
B x 14, 



180° 



LG2 
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.-. (2) h = J?w* cot 
If a = 1, then (3) ib = t n cot 



180° 

n 
180° 

71 



From (3) calculate the areas of the regular poly- 
gons each of whose sides is 1, as given in the table 
subjoined. 

167. Table. 



Triangle m 


0.4330127. 


Octagon = 


18284271. 


BqtMTfl = 


1.0000000. 


Enncagon = 


6. 1818242. 


Pentagon = 


1.7-20(774. 


Decagon = 


7.6942088. 


Hexagon — 


2.5980762. 


Hendecagon— 


9.3656399. 


Heptagon — 


3.6389131 


Dodecagon = 


11.19G1.VJ I. 



HJS Application of the Table. 

Denoting thn area of a regular polygon whose side 
is k by k, and the area of a similar jmlygon whoso 
side is 1, as given in the table by k', and apply- 
in:- tl»'- principle that the areas of similar polygons 
are to each other as the squares of the homologous 
sides, we huve the proportion. 



k i k' :: *= : V. 



k'a-. 



1(19. Examples. 

1. What is the aren of a regular hexagon each of 
whose sides is 6? An*. 93,5307432. 

2. What is the area of a regular pentagon each of 
trlioac aidaa is 10? Au.% 172.04774. 
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3. What is the area of a regular decagon each of 
whose sides is 20? An*. 8077.68362. 

4. What is the area of a regular dodecagon each of 
whose sides is 100? Ana. 111961.524. 

5. What is the area of a regular enneagon each of 
whose sides is 30? An*. 5563.64178. 

170. Formulas for the Circle. 

Let r he the radius, d the diameter, c the circum- 
ference, and k the area of a circle, then, by Geometry, 

we have 

d = 2 r, c = wd, k = \ re. 

From which verify the following table of formulas: 



1. r = i<*. 


7. c = 2^r. 


» '-sv 


8. c = rrf. 


, r-g. 


9. c = 2 V'fan 


4. <J = 2r. 


10. * = irr*. 


5. d = ±- 

IT 


11. A = J TTd*. 


6. d=%JL. 

» 7T 


12. k=* 

4tt 



171. Examples. 

1. Given the radius of a circle = 10 rds. ; required 
d, r, and h. 

2. Given the diameter of a circle = 20 rds. ; required 
r, e, and k. 
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3. Given the circumference of a circle = 150 rda; 
required >*, </, and k. 

4. Given the area of a circle — 1000 sq. rds. ; in- 
quired r, d, and & 

5. Find the diameter of a circle whose urea is equal 
to that of a regular decagon, each side of which is 
10 ft. Am. 31.3. 

6. Tho radius of a circle is 10 ft., the diagonals of 
an equal parallelogram are 24 ft. and 30 ft.; required 
their included utgla 4m. W° IV 17". 

7. The radii of two concentric circles are r and /; 
find the area of the ring included l>y their eircum- 
fe rences. Ans. ir (r -f /) (r — i f ). 



172. Problem. 

To Jirul fl\e. firm of a sector of a tfrcU. 

Let a be the arc of a sector, d the d-- 
in the arc, r the radius, and k the 
area. 

By Geometry, ( 1 > k — i no. 

ttt — the semi-circumference, 




nr 

ISO 



= the arc of 1°. 



dirr 

180 



— the arc of rt°. 



(2) a- 



180 



(3) 1 = 






173. Example*. 

1. Find the area of a sector whose arc is 40° antl 
radius is 10 ft. An*. M.9Q7 KJ. ft. 

2, Bind the area of a sector fffcOM 01*0 is 00' 24' 30" 
and radius is 100 ids, 4jm. 6371.64 n, ids. 
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3. The area of a sector: is 345 sq. ft., the rtdi 

20 ft.; required the arc. W 50 'Hi". 

4 The urea of n sector if 1000 sq. rds., tlit» arc* is 30° 
4-V; required the radius. Aits. (51.04 rds. 
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Tn find thr arm of a MgtMfU of n fl 



Lc( ii be the- degrees is the ate 
th segment, r the radius, and A- the 
IW. 



By the last problem, 
far* 




:ujo 



= the area of the pc< 



.-in d the area df the triangle. 
dirr* 



3SS 



— $ r a sin </. 



If */ is greater than 180, sin d is negative, and the 
second term in the value o£ A- beooinoG positive] as it 
should! since, in this ease, tit-- segment ie equal to 
the corresponding sector plus the triangle. 



17.".. Examples. 

1. Find the area of the segment of a circle whose 
arc is 3(»° and radius 10 ft. All*. 2.497 Bq. fl 

•j. Find the ana of a Begment whose chord ia 86 ft. 
and radius 30 ft. Am L47JW Bq. ft. 

:; Find the rirr.-i <■(' a -■•tfmouf whose altitude is 30 
d radiuc -50 rds. I It. 2545.85 sq. rds. 
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4. The area of a segment is 2545.85 sq. rds., the 
radius is 50 rds.; required the number of degrees in 
the arc. 

176. Problem. 

To find the area of an dlipee. 

Let a be the semi-major axis, and h the 
semi-minor axis. 
Then, Ray's Analytic Geometry, article 446, 

jfc — nab. 

177. Examples. 

1. The serai-axes of an ellipse arc 10 in. and 7 in.; 
required the area. Ans. 219.912 sq. in. 

2. The area of an ellipse is 125 sq. rds.; find the 
axes if they are to each other as 3 is to 2. 

Am. 15.45; 10.30. 

178. Problem. 

To find the area of the entire nurface of a right prism. 

Let p be the perimeter of the base, /'T^v 
a the altitude, * one side of the base, 
W the area of a polygon similar to the 
base, each side of which is unity, ar- 
ticle 167, und k the area of the entire 
surface. 

ap = the convex surface. 

2 lf$* = the areas of the bases. Article 168. 

.-. k-.-ap + 2 *,V. 



\ 


i , 




i 
i 

A 




i 



srnFAGBtt 
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179. Examples. 

1. What is the entire surface of a right prism whose 
altitude is 20 ft., and base a regular octagon each tide 
of which ia 10 ft.? An*. 2565.68542 sq, ft. 

2. What is the entire surface of a ripht hexagonal 
prion whose altitude is 12 ft.j and each side of the 
base is 6 ft.? 4m. 619.0614864 sq. ft. 

& What is the entire surifcoe of a right prism whose 
altitude is 15 in., and base a regular triangle each side 
of which is 3 in.? Am 142.7942286 sq. in. 



180. Problem. 

To find the area of the surface of a regular pyramid* 

Let p be the perimeter of the base, a 
the slant height, * one side of the base, 
If mid k as in the last problem. 

Ja;>— the convex surface. 

tf* a = the area of the base. 




181. Examples. 

1. What is the entire surface of a regular pyramid 
whose slant height is 12 ft., and base a regular tri- 
angle each side of which is 5 ft.? 

.1-., 1UUN2532 sq. ft. 

2. What is the entire surface of a right pyramid 
whose slant height is 100 ft., and base a regular deca- 
gon each side of which is 20 ft.? 

An* i:*077.fi8352 sq. ft. 
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182. Problem. 

To find the entire surface of a fnustum of a right PffTC 

Let /' be the perimeter of the lower 
base, /-' the perimeter of the upper 
base, o the slant height, 8 one side of 
the lower base, $* one side of the upper 

. f and A* as in Art. ITS. 

l«(p +p') = the convex surface. 

jfa* = the area of lower base. 
|V*= the area of upper base. 




1S3. Examples. 

I. What is the entire surface of n frustum of a 
pyramid whom slant height is 12 ft., and the bases 
regular deeagoni whose sides are 8 ft. and 5 ft. re- 
spectively? Au*. 14fi4.7S4"iS sq.ft. 

3. What is the entire surface of a frustum of a 
pyramid whose slant height is 15 ft., and the bases 
regulai hexagons whoso sides are 10 ft. and b" ft., re- 
spectively? Ana. 1073.338 sq. ft. 



18*. Problem. 

To find tM area of (he entire mrfwe of a cylinder. 

Let r be the radius of the cylinder, 
a its altitude, and k the area of the 
entire surface. 

2 rrro the convex surface. 

2 trr 8 = the area of the boaos 
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1S5. Examples. 

1. What is the entire surface of a cylinder whose 
altitude is 6 ft. and radius 2 ft.? 

Ana. 100.5312 eq. ft. 

2. What is the entire surface of a cylinder whose 
altitude is 100 ft. and radius 20 ft.? 

J™. 1-5079.08 sq. ft. 



186. Problem. 

To find the aira of the entire mrjacc of a cone. 

Let r be the radius of the base of the 
cone, a the slant height, and k the area 
of the entire surface. 

rim — the convex surface. 

nr 2 = the area of the base. 

. ■ . k = jit (a -f- r). 




1S7. Examples. 

1. What is the entire surface of a cone whose slant 
height u 10 ft. and radius 5 ft.? An*. 235.62 sq. ft. 

1 What is the entire surface of a cone whoso alti- 
tude is 100 ft. and radius 25 ft. ? 

Ans. 10059.1675 sq. ft. 



188. Problem. 
To find Uie area of the entire surface of the frustum 

Let r he the radius of the lower base, r*' he the 

s N, 15, 
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radius of the upper base, a the slant height, and h 
the area of the entire surface. 

na (r + O = the convex surface. 

7rr 3 = the area of the lower base. 

m ,t = the area of the upper base. 

... lb = ir[a(f+»') + r» + /»]- 

189. Examples. 

1. Find the entire surface of the frustum of a cone 
of which the radius of the lower base is 10 ft., the 
radius of the upper base is 6 ft., and slant height 
is 20 ft. Am. 1432.5696 sq. ft. 

2. Find the entire surface of the frustum of a cone 
of which the radius of the lower base is 25 in., the 
radius of the upper base 12 in., and the slant height 
36 in. Am. 45.8368 sq. ft. 

190. Problem. 

To find the area of (he mrfnre of a sphere. 

Let r be the radius, d the diameter, c the circum- 
ference, and k the area. Then, by Geometry, 

(1) fc==4 7rr*. (2) k as ird*. 
(3) * = ~ W * = «*. 

191. Examples. 

1. The radius of a sphere is 10 ft.; required the 
area. Awl 1256.64 sq. ft. 

2. The diameter of a sphere is 25 ft. ; required the 
area. Am. 1963.5 sq. ft. 
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3. The circumference of a sphere is 100 in.; required 
the area. Am. 3183.0914 sq. in. 

4. The circumference of a sphere ;- 82.832, and di- 
unetar 20; required the area. A jib* 12&6J&, 

192. Problem. 

To find the arm of a zon& 

By Geometry, the area of a zone is equal to the cir- 
cumference of a great circle multiplied by the altitude 
of the zone. 

Let o denote the altitude of the zone, r the radius 
of the sphere, and k the area of the zone. 

. • . U2m 

193. Examples. 

L What is the area of the torrid zone, calling its 
width 4'>° 5(5', and the earth a perfect Sphere whose 
radius is 3956.5 mi.? Am. 7S333333. sq. mi. 

2. What m the area of the two frigid zones if the 
jwlar circles are 23° 28* from the poles? 

Ant, 10270370. sq. mi. 

3. What is the area of the two temperate zones? 

An* LQ210993& sq. mi, 



194. Problem. 

To find the area of a ftphrriettl tfWigfo 

Let t — A + D + O, and ^^ - the 
tri-rectangulur triungle. 

Then, by Geometry, 




*= 4^(906-2). 



172 MENSURATION. 

In this formula, -^r= — 2 is to be regarded as an 
abstract number. Minutes and seconds are to be re- 
duced to the decimal of a degree. 



195. Examples. 

1. Find the area of the spherical triangle whose 
angles are 60°, 80°, 100°, and the radius 3956.5 mi. 

Ana. 16392592 sq. mi. 

2. Find the area of a spherical triangle whose sides 
are 70°, 90°, 100% respectively, and radius 100 in. 

Ana. 10942.1928 sq. in. 



196. Problem. 

To find the area of a spherical polygon. 

Let a be the sum of the angles, n the number of 
sides, k tho area of the polygon, and r the radius of 
the sphere. 

Then, by Geometry, 

* = W[^o-2(n-2)]. 

197. Examples. 

1. The sum of the angles of a spherical hexagon is 
800°, the radius is 100 ft.; required the area. 

Ana. 13963. sq. ft. 

2. Each angle of a spherical pentagon is 120°, the 
radius is 50 ft. ; required the area. Ans. 2618. sq. ft. 
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B. The angles of a spherical polygon are 90°, 100°, 
110°, 1.50°, respectively, the radius is 10 ft.; required 
the area. An*. 157.0S aq« ft. 

4. Each angle of a 6pherical decagon is 150°, the 
radius is 1 ft.; required the area. Ans. 1.0472 ft. 



198. Problem. 

To find the area of the surface of a regular pttfyhtf 

Let c be one edge, n the number of faces, V the 
aria of a polygon whose side is 1, and similar to one 
face, and k the area of the entire surface. 

k'e 1 sa the area of one face. Article 1CS. 

109. Examples. 

L What is the area of the entire surface of a tetra- 
hedron whose edge is 10 ft.? Aim. 173.205(38 sq. ft. 

2. What is the area of the entire surface of a hexa- 
hedron whose edge is 5 ft. ? An.s. 150 sq. ft. 

3. What is the area of the entire surface of an octa- 
hedron whose edge is 20 ft.? Aim. 13-S5.G4064 sq. ft. 

4. What is the area of the entire surface of adodec* 
ahedron whose edge is 15 in.? Arm. &2.2589B sq. ft. 

5. What is the area of the entire surface of an icosa- 
hedron whose edge is 100 in.? Arm. 601.4065 sq. ft. 
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MENSURATION OF VOLUMES. 

200. Problem. 

To find the volume of a prism. 

Let k tie the area of the base, a the altitude, and v 
the volume. Then, by Geometry, 

v = ak. 

201. Examples. 

1. What is the volume of a regular hexagonal prism 
ulio-jy altitude is 20 ft., and each side of the base 10 ft.? 

Aim. 5196.152-1 eu. ft. 

2. What is the volume of a triangular prism whoso 
altitude is 6 ft., and the sides of its base 3 ft, 4 ft., 
ami 6 ft., respectively? Ann. 36 cu. ft 

3. What is the volume of a regular octagonal prism 
whose altitude is 120 ft., and each ride of the base 
20 ft.? Ans. 231764.5008 eu. ft 

802. Problem. 

To find the volume of a pyramid. 

Let k be the area of the base, a the altitude, and v 

the volume 

v ~ J ak. 



203. Examples. 

1. What is the volume of a pyramid whose altitude 
is 15 ft., and whose base is a regular heptngon each 
side of which is 6 ft.? An*. 454.23905 eu. ft. 

2. What is the volume of a pyramid whose altitude 
is 21 in., :md whose base is a triangle each side of 
which fa 30 in.? Am. 2727.98 cu. in. 
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304. Problem. 
To find the volumr of tfta jhatun nj a pyramid. 

I.: I k and *", be the areas of the bases, a the alti- 
tude, and v the volume. Theu, by Geometry, 

If the bases are regular polygons whose sides are 
* and h, we shall have, by article 1GS, k = jf**, and 
it, =1 fcV 3 , in which k 1 is given in the table of article 
107, and (1) becomes 

CQ • = ia(«» + /» + iO* f . 

205. Examples. 

1. What is the volume of the frustum of a pyramid 
whose altitude is ft., and whose bases are regular 
triangles, one side of the lower being S ft . and one 
side of upper, 5 ft.? Inf. 1C7.576 cu. ft. 

2. What ia the volume of the frustum of a pyramid 
whose altitude is 27 in., and the bases regular hexa- 
gon?, the sides of which are 10 in. and 6 in., respect- 
ively? Ans. 4583.0004 cu. in. 

206. Problem. 

To find the DofafM "/ *i cylinder. 

Let r represent the radius, a the altitude, and v the 
volume. v = a*r>. 



207. Examples. 

1. What is the volume of n cylinder whose altitude 
is 50 in., and radius 15 in.? Ant. 20.453 cu. ft. 

2. What ia the volume of a cylinder whose altitude 
Is 25 ft., and radius 4 ft.? Ant. 1256.64 cu. ft. 
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208. Problem. 

To find the volume of a cone. 

Let r be the radius of the base, a the altitude, 
and r the volume. 

209. Examples. 

1, What is the volume of a cone whose altitude is 
21 in., and radius 10 in.? An*. 2109.12 cu. in. 

2. What is the volume of a cone whose altitude is 
30 ft., and radius is 10 ft.? Ant. 3yi6\ cu.ft. 

210. Problem. 

To find the volume of the fruetum of a rone. 

Let r and r be the radii of the bases, a the altitude, 
and r the volume. 

211. Examples. 

1. What is the volume of the frustum of a cone 
whose altitude is 1-5 ft., and the radii of wKve bases 
are 9 ft- and 4 ft. re*r>x-tively? Aw. 20<T>.1»>4 eu.ft. 

2. How many barrels will that cistern contain whose 
altitude is 8 ft., the diameter at the bottom 4 it., and 
at the top 6 ft.? An*. S7.> bbl 

212. Formulas for the Sphere. 

Let r be the radius, d the diameter, c the circum- 
ference, k the area of the surface, and r the volume 
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of a sphere, then, by Geometry, we have 

d = 2 r, e = nd, k = 4 rrr=, t> = J f& 
From which verify the following table of formulas: 



1. r=id. 


11, <? = \^h. 


* '-fr - 


12. tf=f6crr a . 


a r = h ^_. 


13. fc = 4 *r*. 


4. r = iy«J. 


14. fc = nd*. 


5. rf = 2r. 

TT 


15. jbr=— - 


16. fc^^36TU». 


7. i-VL 


17. P = t7TT*. 


" 7T 


18. r = i*rf 8 . 


9. r = 2 ttt. 


«■ -** 


10. r = nd. 


» „-|^E. 



213. Examples. 

1, Calling the diameter of the earth 7013 tfj 
the diameter of the sun 856,000, find the ratio of tl 
surfaces, also the ratio of Iheil volumes. 

2. What is the volume of the shell of a hull 
sphere whose radius is 8 ft. 4 in., and tli-- (hi 
of the shell 3 ft. 6" in.? Ane. 1951. 1081 <ru I 
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214. Problem. 

To find the volume of a sphericat sector. 

A spherical sector is the volume generated by the 
revolution of any circular sector, ABC, 
about any diameter, DE. ByGeometry, 
the volume of a spherical sector is 
equal to the zone which forms its base, 
multiplied by one-third of the radius. 

Let a be the altitude of the zone, 
and r the radius. 

,*. 0= §rrr 2 rt. 




215. Examples. 

1. The altitude of the zone which forms the base 
of a sector is 6 ft., the radius is 12 ft.; required the 
volume. Am, 1S09.5616 cu. ft. 

2. The angle BCD, in the diagram of last article, is 
20°, ACR is 35°, r = 20 ft ; required the volume. 

Ans. 6134.25 cu. ft. 



818. Problem. 

To find the volume of a ttpherirnl segment, 

A spherical segment is the portion of a sphere in- 
cluded between two parallel planes. 

Let / = BF perpendicular to DE, 
and r" = AG perixnidieular to DE. 

r = the radius, tf= CF t and d" = CQ. 

v = the vol. generated by ABFG. 

i/=the vol. generated by AH' 
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u" = the vol. generated by BFC - yP*tK 
tT t!n VOL generated by AGC = id"-™"*. 

The sign of *"' is — or -f- according as AG is on 
the same or opposite side of the center as BF. 

,-. p^$T(2ar'-My j =PdV' 2 ). 



217. Examples. 

1. r = 12 in., r / = 3 in., r*= 10 in.; required t>. 

2. Two parallel planes divide a sphere whose dianie* 
ter is 31) in. into three equal segments; required tho 
altitude of end.. Aw. 13.93 in.; 8.14 in.; 13.93 in. 

218. Problem. 

To fivd the volume Generated by the revolution of a cir- 
cular tcgrnent about a diameter exterior to it. 

Let v = vol. generated by ADH. 
if =- vol. generated by ADBC. 
%"= vol. generated by ABC. 

Let a = FG t c = AB> p = CI, perpendicular to AB. 
... ^-^fw(t»- f^-|«A 




219. Examples. 

1. a = 5 in., c = 8 in.; find c. yin*. 107.552 cu. in. 

2, A sphere 6 in. in diameter is bored through the 
center with a 3-inch auger; required the volume re- 
maining. Ans. 73.467 cu. in. 
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3. Prove that tho volume generated by tho segment 
v t loso altitude is a and chord c is to the sphere ivh 
diameter ie c as a : c. 

4. Prove that if c is parallel to the diameter about 
which it is revolved, the volume generated by the 
segment is equal to the volume of a sphere whoso 
diameter is c. 




880. Problem. 

To find the volume of a icedge. 

The base is a rectangle, the sides are trapezoids, the 
ends, triangles. 

Let e bo the edge, ( the length 
of base, b the breadth of base, 
and a the altitude. \7\\" 

Passing planes through the 
extremities of the edge perpendicular to the bitBe, we 
have a triangular prism and two pyramids. These 
pyramids may fall within or without the wedge, or 
one or both of the pyramids may vanish. 

But in all cases tho formula is the same. 

A nbc — the volume of the prism. 
4 a (J — o)6 = tho volume of the pyramids. 



221. Examples. 

1. The od[»G of a wedge is 6 in., tho altitude 12 in., 
tho length of base M in., and tho breadth of base 5 in.; 
what is the volume? Ah*. 240 cu. in. 
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2. The edge of a wedge is 20 ft., the altitude 24 ft.. 
bhj length of base 15 ft., the breadth of base 10 ft.; 
urhei Lfl the volume? .-I/*--. 2000 ca ft. 



228. Problem. 

To find the tolume of a rectangular prism/rid. 

The bases are parallel rect- 
angles, the other faces are 

trau OOUfc 

Let / and b be the length 

and breadth of the lower base, 

V and (>' the length and breadth 

of the upper base, and a the 

altitude- 
Passing: the plane as indicated, the prismoid is 

divided into two wedges. 

f> ab (2 I -f /') =.- the vol. of wedge whose base is bi. 
J«Z*'(2 I' + I) — the vol. of wedge whose base is6T. 
-•- v- 4a[A(2i + O + 6'(2f+0]. 




223. Examples. 

1 The length and breadth of the lower base of a 
rectangular prinnoid ire 25 ft. and 20 ft., the lenjrth 
ii <i breadth of the upper base are 1** ft. and 10 ft., 
and the altitude is 18 ft.; what is the volume? 

A,*<. 5660 cu. ft. 

2. The length and breadth of the lower boee of a 
rectangular prismoid are 15 yds. and 10 yds., the 
th and breadth of the Upper bftBQ ere '-) j 

and 6 yds., and the altitude is W \*1>.; nhat tfl the 
volume? j|n* I7M on. v d.- 
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224. Problem. 

To find the dihedral angle included by the faces of a 
regular polyhedron. 

Conceive a sphere whose radius is 1 so placed that 
its center shall be at any vertex of the polyhedron. 

The faces of the polyhedral angle will intersect the 
surface of the sphere in a regular polygon whose sides 
measure the plane angles that include the polyhedral 
angle, and whose angles are each equal to the required 
dihedral angle. 

Let A BCD be such a polygon, P 

the pole of a small circle passing E ~"~-~, V ••^C 

through .4, B, C. A £ Join P with \ /%' J 

the vertices and with the middle of Vl_J j/ 

AB by arcs of great circles. ' 

Let n denote the number of sides of the polygon, 
a = one side, and .4 = a dihedral angle. 

. . APQ = - — = , and .40 = A f. 

In n 

By Napier's circular parts, we have 

sin .90° — APQ) = cos AQ cos 00° — PAQ\ 

ISO 

or sin i«0»— - — ) -= cos h* cos iW°— * A). 

ISO . • , . 

or cos — = cos |* sin J. 4. 

COS ** 

In the Tetrahedron, n = 3. and i = 60°. 
cos 30° 
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In the Hexahedron, u = 3, and a = 90°, 

... COS 60° j nno 

.-. Bin f -1 = TTp- .-. A — 90°, 

cos 45° ' 

In the Octahedron, » ^ 4, and e =- 60°, 

. • . sin i ^ - |55 Jf° ■ . \ ^ = 109° 2S' IS", 

cos 60° 

In the Dodecahedron, » = 3, and s 108°, 

.\ sinM=~JJI- ••• -1- 110° 33' .34". 

In the Icosahcdron, n = 6, and » = 60°, 

.-. Bin ±A = coa ^ - .-. ,4 = 138° 11' 23". 

* coe 30° 



SEJS. Problem. 

To find the rolume of a regular polyhedron. 

If planes be passed through the edges of the j>oly- 
hedron and the center, they will bisect tin- dihedral 
angles and divide the polyhedron into as many pyra- 
mids oh it ha.- Tlic faces will bo the bases of tin: 
Itnids, the center will he their common vertex, the 
Inn drawn from the center of tho polyhedron to the 
renter of any base will be perpendicular to the base, 
and will bo the altitude of the pyramid 

From the foot of tho perpendicular draw a porjien- 
d!cnlar 1<> one side of the base, and join the fix if 
(lil- perpendicular with the center. AW (bus have- a 
right triangle whose |>erpendiru1ar is the altitude "f 
the pyramid, the base the ajMithHin of one fare nf th*- 
polyhedron, the angle opposite the perpendicular 
half tin- dihedral angle <>f the polyhedn 



184 



MESSURATION. 



Let p be the perpendicular, a the apothem of one 
face, 4 A one-half of a dihedral angle, n' the number 
of sides of one face, and e one edge. 

p = a tan J4, a = 4 <r cot i 180°. Article 166. 

.-. p=i«cot £180° tan} A 

Let if, n, and k be the same as in article 198. 

Then, Jpfc = the volume of the polyhedron. 

.\ v = ink'c* cot -^180° ton^iL 

Let € = 1, and verify the table subjoined : 
226. Table. 



Name*. 



Surfaces. 



Volume. 



Tetrahedron 

Hexahedron 

Octahedron 

Dodecahedron 

Icosahedron 



1.7320508 
6.0000000 
3.464 1016 
20.<>457288 
8.6602540 



0.1178513 

1.0000000 
0.4714045 
7.6631189 
2.1816950 



227. Application of the Table. 

Let rf and r denote similar regular polyhedrons 
whose edges are 1 and e y respectively. Then we have 

• : v :: 1» : «*. .-. * = •*». 

228. Examples. 

1. What is the volume of a tetrahedron whose edge 
is 10 ft.? An$. 117.S513 cu. ft 

2. The volume of a hexahedron is 134217728 cu. in.; 
what is its surface? Ans. 1572864 sq. in. 



SURVEYING. 

229. Definition and Classification. 

Surveying is the art of laying out. measuring and 
dividing land, and of representing on paper its bound- 
aries and peculiarities of surface. 

There are three branches — Ranr, Geodesic, and Topo- 

graphical. 

Plane surveying is that branch in which the por- 
tion surveyed is regarded as a plane, as is the case in 
small surveys 

Geodetic surveying is that branch in which the curva- 
ture of the surface of the earth is taken into consider- 
ation, as is the case in all extensive surveying:. 

Topographical surveying is that branch in which the 
slope and irregularities of the surface, the course of 
streams, the position and form of lakes and ponds, the 
situation of trees, marshes, rocks, buildings, etc, are 
considered and delineated. 



INSTRUMENTS. 

230. Classification. 

The instruments employed in purveying may bo 
d as Field fa and Plotting ■ <■/*. 

The principal fh-ld instruments an the chain and 
tally pine, marking tool £ sad pencQ t the mag\ 

s. N- IS 186] 
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otiiipasut the tolar compass, the transit compass^ the Uvd } 
and the theodolite. 

The principal plotting instruments are the dhider^ 
the rvler and trinngfa, parotid rulers, the diagonal srale^ 
the scmirireular ]irntraetor. 

231. The Chain and Tally Pins. 

The chain is 4 rods or 66 feet in length, and is di- 
vided into LOG links, each equal to 7.92 inches. 

Alter every tenth link from each end is a piece rf 
brass, notched so as to indicate the number of links 

from the end of the chain, thus facilitating the count- 
ing of the links. 

A half-chain of 50 links is sometimes used, especially 
in rough or hilly districts. 

The tally pins are made of iron or steel, about 12 
inches in length and one-eighth of an inch in thick- 
ness, heavier toward the point, with a ring nt the top 
In which is fastened a piece of cloth of some con- 
spicuous color. 

These pini are conveniently carried by stringing 

them on an iron ring attached to a belt which is 
pined over the right shoulder, leaving the pins sus- 
pended ut the left side. 

In Government surveys eleven tally pins are used. 



238, Marking Tools. 

A surveying party will need an ax for cutting 
notches, cutting and driving stakes and posts; a spntfa 
or mattock for planting or finding corners; knives, or 
other tools, for cutting letters or figures; and a file 
ami uhthtonc for keeping the tools in order* 
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•233. Field-Book and Pencil. 

In ordinary practice one field-hook will l>e sufficient; 
but in surveying the public lands, four different U*>k$ 
are required one tor meridian and base lin< i, another 
for vUtndaid parallels or correction lines, another for 
exterior or township lines, and another for subdivision 
tion lines, as designated on the title-page. 

A L r <»od pencil, number '2 or .3, well sharpened, should 
be used, so that the notes may be legible. 

A temporary book may be used on the ground, and 
the notes taken with a pencil. These notes can tin m 
be carefully transcribed with pen and ink into the 
permanent field-book. 

234. The Magnetic Compass. 

The vernier magnetic compass is exhibited in the 
drawing on pa;»e 189. 

The needle turns freely on a pivot at the center, and 
settles in the magnetic meridian. 

The compass circle is divided, on its upper surface 
to hahfdegrcsBj numbered from 0° to 90° eaofc side of 
the line of /• bob. 

The light standards are firmly fastened at rijrht 
angles to the plat- by screws, and bare slits cut 
through nearly their whole lengths terminated at in- 
tervals by nurtures through which tho object toward 
which tht Bights are directed can be readily found. 

Two spirit levels at right angles to each other are 
attached to the plate 

Tangent scales arc - .-.il— on tin- rijrht and left edges 
of the north sight standard, the one on th^ right be- 
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ing used in taking angles of elevation, and the one 
on tho left in taking angles of depression. 

Eye-pieces are placed on the right and left sides of 
the south sight standard — the one on the right near 
the bottom, the one on the left near the top — each 
on a level, when tho compass is level, with the zero 
of its tangent scale. These eye-pieces are centers of 
arcs tangent to the tangent scales at the zero point. 

The vernier is a scale movable by the side of another 
scale, and divided into parts each n little prcatcr or 
a little less than a part of the other, and having a 
known ratio to it. In the drawing the vernier is 
represented on the plate near the south sight. 

The needle lifter is a concealed spring, moved from 
beneath the main plate, by which the needle may l>e 
lifted to avoid blunting the point of tho pivot in 
transporting the instrument. 

The oat-keeper is a small dial plate, having an index 
turned by u milled head, and is used in keeping tally 
in chaining. 

The ball spindle is a small shaft, slightly conical, to 
which the compass is fitted, having on its lower end 
;i 1 all confined in a socket by a light pressure, so that 
tho ball can be moved in any direction in leveling 
tho instrument. 

The olamp screw is a screw in the sid* of the hol- 
low cylinder or socket, which fits to the bull spindle, 
l>y which the compass may he clamped to the spindle 
in any position. 

A spring catch, fitted to the socket, slips into a 
groove when the instrument is set on the spindle, 
and secures it from slipping from the spindle when 
carried. 
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The Jacob staff ifl a single staff to support the com- 
pass, about f>l foot long, having at the upper end 
the ball and .socket joint, and terminating at the 
Lower cud in a sharp steel point, so as to be Bet 
rirmly in the ground. 

The tripod is a three-legged support sometimes OSecl 
instead of the Jacob staff. 



835. Adjustments of the Compass. 

1. To adjust the level— Bring the bubbles to the cen- 
ter of the tubes \>\ pn -mm:: the plater* so a? to turn the 
ball slightly in its sockets. Turn the compass half- 
way round, and if either bubble runs to one end of 
its tube, tli.it ''ii*l is the higher. Loose the screw un- 
der the Inner end, and tighten the one at the higher 
end till the bubble is brought half-way bock, Level 
the plate again, and repeat the operation till tho 
bubble will remain in the center during an entire 
rovolntioD of the compass. 

2. To fidjint the sights.— Observe through the slits 
a line thread made plumb by a weight. If both eights 
do not exactly range with the thread, file a Little off 
the under surface of the highest side. 

3. To adjust the needle. — Bring the eye nearly in the 
■ plane with the graduated circle, move with a 

splinter one end of the needle to nny division of tho 
circle, and observe whether the other end corresponds 
with the division 180° from the first; if so, tho needle 
iid t" cut opposite degree*) if not, bond the center 
pin with ;t small wrench about one-eighth of an inch 
it 'low the point, till the ends of the needle cut op- 
posite d< < Mold the needle in the lame direc- 
tion, turn the OOmpaas half-way round, and again see 
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wintrier the needle cuts opposite degrees; if not, 
r.'ct half the error by bending the nvdU', and the re- 
mainder by bending lit.' center pin, and repeat the 
operation till perfect reversion is secured in the first 
position. 

Try the needle in another quarter, and correct by 
bending the center pin only, rinse the needle irae 
straightened by the previous operation, and repeat the 
operation in different quarters. 

The adjuMnn ■nt> an made by the maker of Ihr in- 
strument) but the instrument can bo re-adjusted by the 
surveyor when necessary. 

230. Nature of the Vernier. 

Let the arc or limb 
All. on the main plate 
of the Instrument, be 
graduated to one-half 
degrees W &&, numbered each way from at the mid- 
dle ; and let the vernier CD, attached to the nonpar 
box, ulii-ii is mOYOblQ around the main plate, 1- 
graduated that 30 spaces of the vernier shall be equal 
to 31 spaces of the limb, that is. equal to 31 X 30*; 
then 1 space of the vernier will he equal to 31', and 
the difference between one space of the vernier and 
one spao of the limb will be M f — 30'= V. 

The vernier is numbered in two series: the Lower, 
near-r the spectator, who if supposed to stand at the 
south end of the instrument, i? numbered 5, 10, 15, 
each iray from 0; the upper series has 30 above the 
0, from the observer, and 20 each way above the 10 of 
the Iowct scries. 

l.*t, now, the points of the vernier and limb co- 
incide: then, if the vernier be moved forward I' to 




192 



$unn:rixn. 



the ripht, whirh is done by means of a tangent screw, 
the first division line of the vernier at the left of its 
will ooinoide with the first division line of the 
limb at the left of its 0; if the vernier bo moved for- 
ward 2' to the right, then the second division line of 
the vernier at the left of its will coincide with 
the second division lino of the limb at the left of 
its 0. 

If the vernier be moved to the right so that its 
fifteenth division line at the left of its shall coin* 
oide with tin! fifteenth division line of the limb at the 
left of ita 0, the vernier will have moved forward l~S. 

If the vernier be moved more than 15", the excess 
over 15' is found by reading the division line, in the 
vernier, which coincides with a division line of the 
limb, from the upper row of figures fin the vernier, 
on the other side of 0, and so on, up to %(Y t when the 
of the vernier will coincide with the first division 
line from the of the limb. 

If the vernier is moved more than 3C, the excess 
OV t 10', up to 15' and then to 5& is found as before. 

If the of the vernier coincides with a division 
line of the Limb, the reading of the division line of 
the limb will be the true reading. 

If the of the Vernier bo* passed one or more 
division lines of the limb, and does not coincide with 
;i::v. read the limb from its O point up to its divis- 
ion next preceding the O of the vernier; to this add 
the reading of the vernier, and the sum will bo the 
true reading. 

If the vernier Ix 1 moved to the loft, the minutos must 
bo read off on the vernier scale to the right. 

Botnetuaoa the spaces <>f the vernier are less than 
the Bp&cee «>f the limb; then if the vernier bo moved 
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either way, the minutes must bo road off the same 
way from the of the vernier. Verniers may be so 
graduated as to read to any appreciable angle; but 
Hm graduation which reads to minutes is the most 
common. 

817, Fses of the Vernier. 

1. To turn off the variation. — Lot the instrument he 
placed QD BOOM definite line of an old nurvi-v, and the 
tangent screw be turned till the needle indicates the 
8amo bearing for the line as that given in the field 
not-- of the original survey. 

Then will the reading of the limb and vernier indi- 
cate the variation. 

2 To retrace an old survey.— Turn off the variation 
as above, ami screw up the clamping nut beneath, then 
old lines can be retraced from the original notes with- 
out further change of the vernier. 

3. To run a tine meridian. — The absolute variation 
of the needle being known, not simply its ohangfl 
since a given date, move the vernier to the right 
or left, according as the variation ifl 178*4 or «:t-f,, 
till the given variation is turned off, screw up the 
otUBping nut beneath, and turn the eompBflfl till the 
Decdle is made to cut zeros, then will the line • »f 
sights indicate a true meridian. 

Such a change in the position of the vernier Kfl 
iy in subdividing the public lands, uftcr the 
principal lines have been truly run with the solar 
oompaaft 

4. To read the needle to minutes. — Note the decree* 
given \<\ the needle, then turn back the eompefl circle, 
with the tangent screw, till the Manet whole degree 
mark coiocidefl with the |»oint uf the needle; 1 1 1 • - >\wv 
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passed nv.*r by the vernier will be the minutes which, 
d to the degrees, will give the reading of the 
needle to minutea 

This operation if* simplified when the of the \. r- 
iiii-r La Bret made to coincide with the of the limb; 
otherwise the difference of the two readings »>l the 
vernier must be taken. 



238. Uses of the Compass. 

1. To take the bearing of a line.— Place the compass 
on the tine, turn the north end in the direction of the 
course, ami, standing at the south end, direct the Sight* 
jome well-defined object, as a flag-staff, in the course* 
Read tho bearing from the north end of the needle, 
which can be done accurately to quarter-degrees by 
observing the position of the point of the needle, since 
the compass circle i 1 - divided into half-d 

It will be observed that the fatten E and 11*. on the 
face of the compASS, are reversed from their true |> 
tion. This is as it should !»•; for if the sights are 
turned toward tin' west, the north end uf the needle 
is turned toward the tetter W. If the mirth rnd of 
the needle if* turned toward E, the eights will be 
turned toward the cost. If the north end of the 
n< edle point exactly to either letter K or W, the sights 
n ill range i asi or west. 

In general, to guard against error. let the surveyor 
turn the letter ? toward hinnalf, and read the arc eut 
off by the north end <<f the needle from the nearest 
i to i»f the compass circle* If, for example, the near- 
est is at S, and the nr>rth end of the needle is 
turned toward rV, outting oft" 85° from this 0, then 
the ooursE is fl 25° El 
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If it ia desired to Bad the bearing to minutes, the 
• r must be u--< d. 

S. To run from a given point ft line having a given 
bearing. — Place iho eunip:is> i»v«t tho )->mt. and turn 

That the rending of the needle BhsU be the given 
benriug; the Line of lights observed from the south 
end of the compass will be tin- reqnired lion. 

3. To take angles of elevation. Level Hie 009 DM8, 
bring the tooth end toward you, place tin « y«- at the 
eyepiece on the right side of the south sight, and, 
with the hand, fix a card on the front BUrfiace of the 
north sight, so that its top edge shall be at right 
angle* to the divided edge and coincide with the 
zero mark; then, sighting over the top of the curd, 
note upon a Qag-etaff toe height out by the lino of 

t. move thi* staff up the elevation, and earry the 

1 along tbe Bight until the line of eight again i 

- height "n the staff] read ofl the degreef and 
hulf-degrees ] .j-~.il over by the eard, and the result 
will be the angle required 

4. To take angles of depression, 
. !-, using tli 
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« of the eights, and reading from the top of the 
lard 



239. Surveyor's Transit. 

The Surveyor's transit exhibited in tbe drawing on 

page 107 is, in fact, ;i frnnefl tkeodcHk^ eotnbining the 

satages of the ordinary transit and Hie theodolite. 

The vernier plate, carrying two horizontal verniers, 

two spirit levels at right angles, the telescope and 

attachments, moves around a circle graduated («. half- 

■ ' ■-. hi that, In tin- vernier, horizontal angles ran 

be taken to minutes, and any variation tamed oil' 
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The telescope and its attachments, the clamp and 
tangent, the vertical circle, the level, and the sights, 
give to this instrument a great advantage over the 
ordinary compass. 

The cross wires, two fine fibers of spider's web, ex- 
tending across the tube at right angles, intersect in a 
point which, when the wires are adjusted, detcrniines 
the optical axis or line of collimation of the telescope, 
and enables the surveyor to fix it upon an object with 
great precision. 

The clamp and tangent screw consist of n ring en- 
circling the axis of the telescope, having two project- 
ing arms — the one above, slit through the middle, hold- 
ing the clamp screw; the other, longer, connected bo- 
low with the tangent screw. 

The ring is brought firmly around the axis by means 
of the clamp screw, and the telescope can be moved up 
or down by turning the tangent screw. 

The vertical circle, graduated to half-degrees, is at- 
tached to the axis of the telescope, and, in connection 
With the vernier, gives the means of measuring ver- 
tical unglcs to minutes with great facility. 

The level attached to the telescope enables the sur- 
veyor to run horizontal lines, or to find the difference 
of level between two points. 

Sights on the telescope are useful in taking haek- 
sights without turning the telescope, and in sighting 
through bushes or woods. 

Sights for right angles attached to (he plate of the 
instrument, or to the standards supporting the tele- 
WOpe, afford the means of laying off right angles, or 
nt iming out offsets without ehunghig the position of 

the instrument. 
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240. Adjustments. 

1. The levels are adjusted in the same manner as 
these of the compass, and when adjusted should keep 
their position if the two plates an; damped together 
and turned on a common socket. 

2. The needle i.s adjusted as in the compass. 

8. The line of the collimation is adjusted by bringing 
the intersection of the wires into the optical axis of 
the telescope, which is accomplished as follows: 

Set the instrument firmly on the ground and level 
it earefully, then, having brought the wires into the 
focus (»f the eve-pieee, adjust the object glass on some 
wll defined object, as the odge of a chimney, at a 
distance of from two tu five hundred feet. Determine 
whether the vertical wire is plumb by clamping the 
instrument firmly to the spindle, and applying the 
wire to the vertical edge of n building, or observing 
if it will move parallel to a point a little to one side; 
if it does not, loosen the cross-wire screws, and. by tin* 
pn-sure of the hand on the head outside the tube, 
move the ring within the tube, to which the wires 
are attached, gently around till the error is corrected 

The wires being thus made respectively horizontal 
and vertical, fix their [mint of Intersection on the 
object selected, chimp the instrument to the spindle, 
and, having revolved the telescope, find or place some 
object in the Opposite direction, at about the same 
distance from the instrument us the first object 

Great care should Ix* tuken in turning the telescope 
DOt to disturb the position of tho instrument upon the 
idle. 

Having found an object which the vertical wire bi- 
sects, unelamp the instrument, turn it half-way round, 
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and direct the telescope to the first object selected, 
and having bisected this with tin n clamp 

tin' instrument, revolve tin.* telescope and note if the 
vertical wire Inserts the second objeol observed; if 
so, the wires are adjusted! and the points bisected 
arc, with the renter Of the instrument, in the BS8M 
straight tine. 

If the vertical wire does not bisect the 6econd point, 
the space which separates this wire from that point is 
double the distance of that point from a straight tine 
drawn through the first point and the center of the 
instrument, as is shown thus: 




Let A represent the oeotei of the instrument, BC 

the line on wIhh' extremities, />' and f.\ the line of 
collimation is to he adjusted, B the first object, and T) 
the point which the wires bisected otter tin telescope 
v. .-s made to revolve on its axis. The side of the 
telescope which was Up when the nbjrct glass was di- 

■•] to B, IS down when the object glass is turned 
toward D. When the telescope is undamped From its 
spindle and turned half-way round its vertical axis, 
and again directed to />, the .-ide uf its tube which 

down when the object glass was first directed to 
/; will now be up. Then clamping the instrument, 
ai d revolving the telescope about its aadsj and di- 
recting it toward /). the side of its tube which 
down when the object glass was first turned toward 
D will now be up, or the telescope will virtually hove 
revolved about its optical axis, and the vertical win- 
will appear at E as far on one side of C as D is on 
the other side. 
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To move the vertical win- t<> its true position, turn 
tii" capstan bead screws on the sides of the telesco^, 
remembering that the eye-ptoos inverts the position 

of the wire, and, therefore, that in loosening one of 
the screws and in tightening the other the operator 
must proceed as if to increase the error. Having 
moved book the vertical wire, as nearly as can he 
juiIl"iI. so as to bisect the space ED, unclamp the in- 
strument, direct the telpscojw* as at first, so that the 
Crow uires bisect B, proceed as before, and continue 
the operation till the two polnti D ami K coincide 
at a 

4. The standard! must be of the samo height, in 
order that the wires may trace a vertical line when 
[In- teleeeope is turned up or down. To nscertain this, 
and to make the correction, proceed a.- follows: 

Having the line of collimation previously adjusted, 
set the instrument in a position where points of ob- 
servation, such as the point and base of a lofty spire, 
can be selected, giving a long range in a vertical 
direction. 

Level the instrument, fix the wires on the top of 
the object, and clamp to the spindle; then bring the 
telescope down till the wires hisect some good point, 
either found or marked at the base; turn the Instru- 
ment half around, Hx the wires on the lower point, 
damp to the spindle, and raise the telescope to the 
highest object, and if the wires bisect it, the vertical 
adjustment i* effected. 

If the wires are thrown to one side, the standard 
opTwisite that side is higher than the other. 

The correction is made by turning a screw under- 
neath the sliding piece of the bearing of the movable 
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5. The vertical circle is adjusted thus: First care- 
fully level the instrumrtit. bring the zeros of tbti 
wbcd and vernier into line, and find or place bosm 
w.-ll defined point which is out by the horizontal win-; 
then turn the instrument hulf-way around, revolve 
the telescope, fix the wire on the some point as be- 
fore, note if the zeros are again in line. 

If not, loosen tin- screws, move the rero over half 
the error, and again bring the zeros into coincidence, 
and proceed as before till the error is corrected. 

6. The level on the telescope can be adjusted thus : 
First level the instrument carefully, and with the 
clamp and tangent movement to the axis make the 
telescope horizontal as nearly at possible with the 

Then, having the line of collimntinn previously 
adjusted, drive a stake at a distance of from one to 
two hundred fret, and note the height cut by the 
horizontal wire apon a staff set on the top of the 
stake. 

Fix another stake in the opposite direction, at the 
mniu distance from the instrument, and, without dis- 
turbing the telescope, turn the instrument upon its 
spindle, lei the staff upon the stake and drive in the 
ground till the same height is indicated as in the 
first observation. 

The top of the two stakcB will then be in the same 
lc.fi/ontul line, whether the telescope is level or not. 

Now remove the instrument to a point on the same 
ride of both stakes, in a line with them, and from 
fifty to one hundred feet from the nearest one; again 
level the instrument, clamp the telescope as nearly 
horizontal a« possible, and note the heights Indicated 
on the stuff placed first on the nearest, then on the 
more distant stake. 
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If both agree, the telescope ifl level; if th ey do not 
ftgree, then with the tangent screw move thu wire 
over nearly (ho whole error, as shown ut the distant 
stake, and repeat the operation just described tilt the 
horizontal wire will indicate the same height at both 
stakes, when the telescope will be level. Bring the 
bubble into the center by the leveling nuts at Che 
end, taking rare not to disturb the position of the 
f< I -scope, and the adjustment will he completed. 

The adjustments above described arc always made 
by the maker of the instrument, but the instrument 
may need re-adjusting. 




341. Uses of th© Transit. 



1. The transit may be used for all the purposefl for 
which tlit compass is employed, and, in general, with 
much greater precision. 

2. Horizontal angles can bo taken by the needle, or 
without reference to the needle, as follows: Level (1 e 
plate, s*t the limb at zero, direct the telescope bo that 
the intersection of the wires shall fall upon one of 
the objects sel'-rt'd, I'hunp the instrument firmly to 
the spindle, unelamp the vernier plate, turn it with 
the hand till the intersection of the wires is nearly 
upon the second object; then clamp to the limb, and 
with the tangent screw fix the intersection of the 
wires precisely upon the second object. The reading 
of the vernier will give the angle whose vertex is at 
the center of the instrument, and whose skies pass 
through the objects respectively. 

3. Vertical angles can be measured thus : Level the 
instrument, tix the zeros of the vortical circle and 
vernier in a line, note the height cut upon tho staff 
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by the horizontal wire, carry the staff up the eleva- 
tion or down the depression, I i x the wire again Opon 
the same jk «in t, and tlir Jingle will he road off by (he 
rarnier. Sometimes, of course, it will be Impossible 
to carry the staff up the elevation, .is in taking the 
angle* of elevation of the top of a steeple from a given 
point in a horizontal plane. 

4. Horizontal lines can be run, or the difference of 
level easily found, by means of the level attached to 
the telescope. 



242. The Solar Compass. 

Burt's solar compass, represented in the drawing on 
page 205, includes the essential parts of the magnetic 
ootnpaas, together with the solar apparatus, which con- 
sists mainly of throe arcs of circles by which the 
latitude of the place, the declination of the sun, and 
the hour i if the day can he set off. 

The latitude arc, a t graduated to quarter-degrees :iml 
read to minutes by a vernier, has its center of motion 

in two pivots, one of which is seen at d, and is moved 
by the tangent screw. /, up or down a fixed an; of 
lilar curvature through a range of about 35°. 

The declination arc, h, having a range of ulxmt 24°, 
i^ graduated tc quarter-degrees and read to minutes by 

the vernier, r, fixrd to the movable arm, /», which has 
its center of motion in the center of the declination 
are at g. The vernier may be set to any reading by 
(he tangent screw, Jt, and the arm damped in any po- 
sition by a screw concealed in the engraving. 

A solar lens. Bet in a rectangular block of brass at 
each end of the arm, h, has its focus at the inside of 
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the opposite block on the surface of a silver plute on 
which lire drawn certain lines, as shown in the an- 
nexed figure, The linos W>, called hour lines, and the 
lines «, called equatorial lines, inter- 



sect each other at right angles. The „ j) _ c ,- 7j 

"V'-tangular space between the lines is f§ ^-^■inrrt 
just sufficient to include the circular 
image of the sun formed by the solar lens on the op- 
posite end of the arm. 

The three other lines below the equatorial lines are 
five minutes apart, and are used in making allowance 
for refraction. 

An equatorial sight, used in adjusting the solar ap- 
paratus, is placed on the top of each rectangular block 
by a small milled head screw, so as to be detached at 
pleasure. 

The hoar arc, r, supported by the pivots of the lati- 
tude arc, and connected with that arc by a curved arm, 
has a range of 120°, graduated to half-degrees and 
figured in two series, designating both the hours and 
the degrees; the middle division being marked 12 and 
90 oq cither side of the graduated lines. 

The polar axis, /», e<mM<t* of u hollow pocket con- 
taining the spindle of the declination are, around 
which this arc can be moved over the hour arc, 
which is read by the lower edge of the graduated 
side of the declination are;. The declination arc may 
be turned half round, if required, and the hour ai 
read by a point below g. 

The needle box, n, with an arc of 30°, graduated to 
half-di L'i< ■*■*. and numbered from the center as zero, 
fa attached by a projecting arm to a tangent screw. t t 
bv which it ifl moved almut its center, and its needle 
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N't to any variation which may be read to minutee by 
the vernier at the end of the arm. 

The levels arc similar to those of tho ordinary com- 
pass. 

Lines of refraction are drawn on the inside fares 
of the sights, graduated and figured to indicate the 
amount allowed for refraction when the Bun is Dear 
the horizon. 

The adjuster is an arm used in adjusting the instru- 
ment. It is not attached to the instrument, and is 
laid aside in the box when the adjustment is effected. 



24$, Adjustments. 

1. The levels are adjusted by bringing the bubbles 
into the center of the tubes by tho leveling screws of 
the tripod, reversing the Instrument on the Handle, 
mining or lowering the ends of the tubes till the 
bubbles will remain in tho center during a complete 
revolution. 

2. The equatorial lines and solar lenses are adjusted 
as follows: First detach the .inn, h, from the decli- 
nation arc by withdrawing the screws shown in the 
drawing from the ends of the posts of the tangent 
screw, k, and also the damp screw, and the conical 
pivot with its small screws by which the arm and 
declination are are connected. 

Attach the adjuster hi the place <>f the arm, h, by 
replacing the conical pivot and screws, and insert tho 

clomp BOW W po as to clamp tho adjuster at any point 
on the declination arc. 

Now level the instrument, place the arm, fi, on the 
adjuster, with the same Hide resting against t-1 14- sur- 
face of the dcrliniitifin urc as before it wan detached, 
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turn the instrument on itf? spindle, so as to bring 
the solar U-ns to be adjusted in the direction of the 
sun, raise or lower the adjuster on the d« ( dilution 
arc till it can bo clamped in sueh n position as to 
bring the Ban's image, u near u may fa©, betveen 
thfi equatorial lines on the Oppomt - Ivw plate, and 
briug the image precisely into position )»\ the tan- 
gent of the latitude are, or the leveling screws of 
thfi tripod. Then carefully turn the arm half-w;iy 
. till it rests upon the adjuster by the opposil 
- of the rectangular blocks, and again observe the 
(option of the sun's image. 

If it remains between the lines as before, the lefts 

and plate arc in adjustment; if not, Ikn-ii the three 

vra which confine the plate, to the block, and mow 

the plate under their heads till one-balf the mot in 

the position of the sun's image i*« removed. 

Again bring the imago between the lines, and re- 
peal the operation till it will remain in the Banc 
situation in both portions of the arm, wh«D the ad- 
justment will be complete. 

To adjust til- other lens and plate, revene the arm, 
end for end, on Che adjuster, and proeeed aa in tho 
former case. 

Remove the adjuster, and replace the arm, //, with 
ita attachments. 

In tightening tho screws over the silver plate, CSTC 
must be taken not to move the plate. 

3. The vernier of the declination arc in adjusted as 
follows: Having level >1 the instrument, and turned 
in the direction of the sun. damp to the 
Spindle, and set the vernier, e, of the declination *ir« 
at zero, by means of the tangent screw, fc, and d 
to the are. 
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See that the spindle moves easily and truly in the 
socket, or polar axis, and raise or lower the latitude 
arc by turning the tangent screw, /, till the sun's im- 
age is brought between the equatorial lines on one of 
the plates; clamp the latitude arc by the screw, and 
bring the image precisely into position by the level- 
ing screws of the tripod or socket, and without dis- 
turbing the instrument carefully revolve the arm, A, 
till the opposite lens and plate are brought in the 
direction of the sun, and note if the sun's Image 
comes between thfl lines as before. 

If the BUtt'fl image comes between the lines, there is 
no index error of the declination arc; if not, then with 
the tangent screw, A, move the arm till the sun's im- 
age passes over half the error, and again bring the 
image between the lines, and repeat the operation as 
before till the image will occupy the same position 
on both plates. 

We shall now find that the zero marks on the are 
and the vernier do not correspond; and to remedv 
this error, the little flat-head screws nliove the vernier 
must be loosened till it can be moved so as to make 
the zeros coincide, when the operation will be com- 
plete. 

4. The solar apparatus is adjusted to the sights as 
follows; First level the instrument, then with the 

• lamp and tangent screws Bet the main plate at 00° 
by the verniers and horizontal limb. Then remove the 

• lamp screw, and raise the latitude are till the polar 
axis is by estimation very nearly horizontal, nn<l. if 
neeessary, tighten the screws on the pivots of the arc 
so as to retain it in this |x>sition. 

Fix the vernier, of the declination arc at zero, and 
direct the equatorial sights to some distant and well- 
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marked object, and observe the panic through the com- 
pass sights. If the same object i« seen through both, 
and the verniers read to 00° on the limb, the adjust- 
ment is complete ; if not, the correction must be made 
by moving the sights or changing the position of the 
verniers. 

The adjustments are all made by the maker of the 
Instrument, and, ordinarily, need not concern the sur- 
r, as the instrument is very little liable to de- 
rangement. 



«&*4. Use Of the Solar Compass. 

The declination of the sun, or its angular distance 
from the Celestial equator, must be set oft" on Ehe 
declination arc. 

The declination of the suu for apparent, noon at 
Green wk-h. England, is given from year to year in 
the Nautical Almanac. 

To determine the declination for another place and 
hour, allowance must be made for the difference of 
time arising from longitude, and for the ehangi of 
declination from hour to hour. 

The longitude of the place ean bo determined with 
sufficient accuracy by reference to that of given promi- 
nent places which are situated nearly on the same 
meridian. 

The difference of longitude, divided by 16, will, by 
dunging degrees, minutes, and seconds into hi 
minutes, and seconds, give the difference of tine, 
which is usually taken to the oeamf hour, as it 
will be suflii icntly accurate. 

Tn practice, eurveynrs in state? just cast of the Mis- 
si— ippi allow a difference of boon for longitude; 
s v. is. 
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7 hours for nbont the longitude of Santa F6; 8 hours 
for California and Oregon; 5 hours for the eastern 
portions of the United states. 

Having found the hour at any place from its longi- 
tude when it is noon at Greenwich, the declination 
for noon at Greenwich will be the declination for the 
determined hour at the given place. 

To find the declination for the following hours nf 
the day, add or subtract, for each succeeding hour, the 
difference of declination for 1 hour, as given in the 
almanac. 

Thus, let it be required to find the declination of 
the sun for the different hours of May 20th, 1873. 
\V Ion. 95°. 95° -6h. 20 m., practically 6 h. 

Sun's-dec, Greenwich, noon 20^ :V 14". (5 

.'. Suns dec, Ion. 95°, 6 A. M. 20° 3' tt"jB 

Add difference for 1 h. — sr.08 

Sun's dee. 7 A. M. 20° &' 45*-63 

Add difference for 1 h. = 31". Q3 

Sun's dec. 8 A. M. = 20° 4' WM 

Tn like maimer proceed for the remaining hours. 

Such a calculation should be made before beginning 

the work of the day. • 

Refraction, or the bending of the sun's rays as they 
pass obliquely through the atmosphere, affects its dec- 
lination by Increasing its apparent altitude. 

The amount of refraction depends upon the altitude, 
beiujr less as the altitude is greater. At the horizon 
the refraction is 35'; at the altitude of 45°, 1'; at 

tin- zenith, 0. 

Meridional refraction, by increasing the apparent al- 
titude of tho Bun, when on tin* meridiun, increases or 
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diminishes its apparent deeli nation according as it is 
north or south of the equator. 

To find the 11 mount of meridional refraction, we 
must first find the meridional altitude of the sun 
for the given latitude, which is equal to the comple- 
ment of the latitude, plus or minus the declination, 
recording as the *\n\ is north or south of the equator 

The meridional altitude of the sun bring given, 
tables will give the refraction. 

The meridional refraction, being quite small, may 
be disregarded in practice except when great secftracy 

is required, as in running great standard meridians 
oc base lines. 

Incidental refraction, as affected by the hour of the 
d;iv and the state of the atmosphere, can not, in prac- 
tice, be determined by i precise calculation. 

It will about compensate for Incident*] refraction to 
keep the image of the sun square between the equi- 
noctial lines for the middle of the day, but toward 
morning or evening, to run the image, which is then 
hasty round the edge, so that the hazy edge shall over- 
>ue or two lines of the spaces below. 

To set off the latitude, find the declination of the BUD 
for the given day at noon, and set it off on the decli- 
nation are, and clamp the arm firmly to tho arc 

Find in the almanac the equation of time for the 
in order to ascertain the time when the 
sun will reach the meridian. 

About twenty minntea before noon, set up (he in- 
strument, level it carefully, lix the divided surface of 
tin declination arc at 12 on the hour circle, and turn 
the instrument on its spindle till the solar lens is 
brought into the direction of the son. 
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I-ouscu the clamp screw of the latitude arc, raise 
fir lower this are with the tangent screw till the im- 
of tlie ,»un is brought precisely between the equa- 
torial lines, and turn the instrument bo as to keep 
the image between the hour lines on the pinto. 

As the sun ascends, In approaching the meridian, 
its image will move below the linos, and the arc must 
he moved to follow it. Keep the imago between the 
two sets of lines till it begins to pass above the 
equatorial, which is the moment after it passes the 
meridian. 

Read off the vernier of the arc, and we have the 
latitude of the place which is to be set off on the 
Latitude are. 

To run lines with the nolar compass. — Having adjusted 
the Instrument and eat off the declination and latitude, 
the surveyor places Che instrument over the station, 
Levels it carefully, clamps the plates at zero on the 
horizontal limb, and directs the Bights north and 
south, approximately, by the needle. 

The solar lens is then turned toward the sun, and 
with one hand on the Instrument, and the other 
on the revolving arm, both are moved from side to 
side till the image of the Ban Is made to appear on 
the silver plate, and is brought precisely within the 
equatorial lines, whan the Kns p/ tight* will indieaU (hi 
true meridian. 

In running an east and west line, the verniers of 
the horizontal limb arc set at 90°, and the sun's im- 
age kept betw i the equatorial lines. 

The needle is made to indicate Bern on (li« arc of 

the compass box by turning the tangent screw, Lines 
ran then l>c run by the needle in the temporary dis- 
appearance of the sun. 
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The variation of the needle, which should be noted 
of every station, i.* read off to minutes on the am 
along the edge uf which the vernier uf the needle 
box toon 

Since the limb must be clamped at when the sun's 
Image is in position, in order that the sights may iiuli- 
Ofttfl tin- meridian, it is evident that the bearing of 
.my line may he found by the solar compass, as well as 
by the compass or transit. 

In running long lines, allowance must be made for 
the curvature of the earth. Thus, in running north 
or south the latitude changes 1' for 92.30 ch.; and six 
miles, or one side of a township, requires a change of 
.7 VI" on the latitude are. 

In running cast and west lines, the sights are set 
at 'K}° on the limb, and the line run at right angles 
to the meridian; but this line, if sufficiently produced, 
would <■!<»— the equator. Hence, at the next station, 
ttckfligbt is taken, and one-half the error is set oft' 
for the next foresight on the side toward the pole. 

The most favorable season for using the solar cano- 
pies is the summer; and the mosi EararaUa time of 
day, between -s and 11' A. M., and 1 and 3 P. M. 
A solar telescope compass ie sometimes used , 
in this case, the t< leecope is placed at one side of the 
ter All error from this position of the telescope is 
avoided by an offset from the flag-staff 

The solar compass, while indispensable in the surrey 
of public lands, ran be used, in common practice, with 
uderable advantage over ordinary needle instru- 
nts, since linee can he nm by it without regard to 
the variation of the needle or local attraction, and the 
bcaringfl being taken from the true meridian will re- 
Bfcajn constant for all time. 
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245. Dividers and Fens. 

2 a 6 ^8 4 
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1. Dividers with lead-pencil. 

2. Hair dividers with one leg movable by screw. 

a t b. Lengthening bar and pen which may be inserted 
together or the pen alone instead of pencil leg. 

3. Bow pen with spring and adjusting screw. 

4. Spacing dividers. 

5. Drawing pen. 

246. Parallel Rulers. 



■ _s 



^v 



-S 



5 



•.Lfc.«£jJ 



1. Parallel ruler for drawing parallel lines. 

2. Sliding parallel ruler with scales. 
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247. Diagonal Scale. 
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Let <fc bo .1, then the distance from ad to ac on the 
first line above o6 is .01, on the second line .02, eta 

Let it be required to la}* off on AB 4.63. 

Place ona foot of the dividers at the inteneetion of 
the diagonal line, 8, and the horisonta] line, & Extend 
the other fnot till the horizontal line, 3, intersects the 
vertical line, 4, then will the distance from one point 
of the dividers to the other !>e 4.08. 

Now place one foot of the dividers at A, and the 
other at B y then AB will be -1.63. 



248. Protractors. 





These protractors are used In hiving off or mi 
iiiL' angles. The vertex of the angle is at the renter, 
and one side i.* made to coincide with the horizontal 
line passing through the center; then, counting the 
degrees from the horizontal line round the cireunifi r- 
1'inr till the required degree is reached, and dm 
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a lino from this degree to the center, wc Bhall have 
the ftDgk required. 

Tin- first of these protractors will give angles to 
quarter-degrees; and the second, by means of a ver- 
nier, to '.V. 

Instruments may be multiplied indefinitely, but the 
manner of using them will be readily discovered by 
the ingenious operator. 



SURVEY OF PUBLIC LANDS. 

249. Division into Townships. 

In the rectangular system of surveying the public 
lands, adopted by the government, two principal lines 
— an east and west line, called a base liiic t and a north 
ami south line, called a pr/nrijxil meridian — are estab- 
lished before the survey of the townships. 

Six miles to the north of the base lino another east 
and west line is run, and six miles to tho north of this 
another, and so on. 

Every fifth parallel from the base is called a standard, 
pfirrtflrl, or ronrr/imi !h\f. 

Six miles to the west of the principal meridian, 
measured on the base line, another north and south 
lino is run to the first standard parallel, and six 
miles to the west of this another, and BO on. 

The intersection of the east and west with the north 
and south lines divides (he tract into toumtthiptt, which 
would be exactly six miles square were it not for the 
convergence of the meridians 

To preserve na nearly us possible the form :md size 
df tin' townships, the standard parallels before men- 
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tioned an established, which serve as base lines fur 
tin* townships north up to the next standard parallel. 

Tiers of townships north and south are called ranodt, 
I arc numbered cast or west, as the 0096 may be, 
from the principal meridian. 

Lines running north and sooth, bounding the town- 
ships on the east and west, .'ire called mnpi Unm. 

Lines runnin rid west. Iwunding the townships 

on the north and south, are called ttnruMp Uvea. 

A township marked thus, T. 5 K, /?. 4 IK, read 
township live north, range four west, would U- in tln> 
fifth tier north of the bate line, and in the fourth tie! 
west of the prineipul meridian. 

Townships are divided into tectum*, or agnate milct, 
containing 640 acres; each section into four quarto 
ma. each quarter section into two haffauarUr ia> 
, and each half-quartet section into two quarter* 
quarter werton*. These are called legal subdivisl 
and arc the only divisions recognized by the gOTem- 
ment, except pieces made fractional by water-courses 
or other natural agencies. 

On base lines and standard parallels two sets of 
corners are establish- d. 

1. Standard corners, established when these linos are 
run. embracing township, section, and quarter-section 
corners, common to two townships, sections* or quarter 

north of the base line or standard paralli \i 

2. Closing- comers, established when exterior and - 
division lines close on them from the smith, embracing 
township and section corners, common fee two town- 
ships i.r sections south of the standard parallels. 

Tn roiisequeuo' \j{ the eonverp in >• of the mi riclinna, 
the north and south lines, produced to the standard 
B N- (*, 
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parallels, will not close on the standard corners previ- 
ously established, but will strike the standard parallels 
to the east or west of the standard corner*, making 
the closing corners east or west of the standard cor- 
ners, according as the field of operation is west or east 
of the principal meridian. 

The following diagram will illustrate the subject: 

.1 B is bhe base line. 

AC, the principal me- 
ridian. 

A' IT , a standard paral- 
lel. 

a£, ed t etc., township 
I .ii"-. 

//, /.7, etc., range lines. 

a, »., if, etc., standard 
earners. 

/. /. a, etc, closing cor- 
ners. 

The distances />, !u, etc., arc measured and recorded 
in the field book. 

The details of running lines will be given after 
describing the methods of perpetuating corners, the 
process of chaining, and the method of marking lines. 

Burt's improved solar compass is used in surveying 
standard and township lines, hut the ordinary compass 
may be used in subdividing. 
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860a -Methods of Perpetuating Comers. 

1. Corner treei. — A sound tree, five inches OT mori 
in diameter, standing exactly at a corner, is the In'sL 
monument 
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2. Corner stones. — A stone, si boat 14 indies bug 
and inches square, set from two-thirds to three* 
foarlhfl in the ground, is preferred to other monu- 
ments, except a true. 

3. Posts and witness trees.— In the absence of corner 
trees ma stance, when (fees an* near, a post may 
l>c planted and witnessed by taking the bearing and 
distance of two or mure tree- in different directions 
from the comer. These trees are marked by a blaze in 
which is marked the number of the township, hinge, 
and section. A notch is cut in the lower end of the 
blase, under which another blaze u made in which are 
cut the letters B. 7*., signifying bearing tree. 

4. Posts, mounds, and witness pits. —When neither 
corner trees, stones, nor witness trees are available, 

corners may be marked by posts, mounds, and witness 
pita The posts are planted 1'2 inches in the ground, 
and at the lover end, on the north or iresl side, aceord- 

aa the course is north or west, a marked stom 
small quantity of charcoal, or a charred stake must be 
di'itosited. Four pits are dug, fi feet from the \ 
'u opposite sides, 2 feet square and 1 foot deep, and 
the ' acavated earth packed round the poet within 1 
foot of the top. If sod is to be had, it is to be 
in covering the mounds. 

The method of marking the corner ia to be care- 
fully noted in the field book. 



8HL Township Corners. 

1. Posts need in marking township corners must be 
4 feet in length, and 6 inches, at least, in diamefe a*. 
These posts are to be set 2 feet in the ground, and 
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the upper pari squared to receive the marks to be 
rut on them. 



If tli- 



common 



corner 

to four townships, the post 
is set so as to present the 
angles in the direction of 
the line; and the number 
of the township, range, and 
section must be marked on 
the side facing, and six 
notches cut on each of the 
four edges. 



T.2N. 
K. I \Y. 

S.9& 



T. 'I >'. 
Jt. 3 W. 
ft, lb 



T. I .V. 

a i w. 

S.L 



T.llf. 

K.3V, 



If the township corner is on a base line or standard 
parallel, unless it is also on the principal meridian, it 
will be common to two townships only; and if theao 
are on tho north, the comer will be u standard corner* 
In tliis ease, six Dotches are cut on the east, north, 
and west edges, hut not on the south edge, and tho 
letters S. C, signifying standard corner, cut on tho 
flat surface. 

If the corner is common to two townships on tho 
south, but not on the north, it will be a closing dot* 
nor, and six notches are cut on the east, south, and 
west edges, but not on the north edge, and the let- 
ters C. C. t signifying closing corner, cut on the Sal 
surface, 

2. Township corner stones should ho ins. if..! ,,f 1 -nst 
10 inches in the ground, with their sides facing tin- 
cardinal points of the compass, and small mounds of 
stones heaped against them. 

Those cornel storm are notched in the same manner 
as paste in similar circumstances, but ure not otherwise 

marked. 
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3. A tree of proper size on the corner is marked in 
the mine manner as a post. 

The mounds, when made round the posts, must be 5 
feet in diameter at toe base, and 2J feet hiph. The 
j«>sts. therefore, must be -U feet lonjr. sn ax to It 1 fool 
in the ground and 1 foot above the top of the mound. 

Witness pita for township corners must he 2 fept 
Kong, 1$ feet wide, and 1 fbtri deep. If the corner la 
oomxttoa to four townships, then will be four pits 
placed lengthwise en the lines; but if the corner is 
eouimon to onlj two townships, only three pits are 
dog, and are placed Lengthwise on the lines. Tims the 
kind of township corners are readily distinguished. 

These pits are made only in the absence of witness 
trees, which are to be selected, if possible, one from 
each township. 



252. Section Corners. 

Section corners are established at interval* of SO 
ehnins or 1 mile, and are perpetuated by the follow- 
ing methods: 

1. Section corner posts are A feet in length, and at 
f A inches in diameter, They are planted 2 feet 
in the ground, and the part above the ground squared 
to receive the marks. 

If the corner is common to four section^, the post is 
Bel eornerwise to the lines, the number of the section 
U maTfced on the side facing it, and the number of the 
township and range on the north-east face. 

Mile-posts on township lines have as many notches 
on the corresponding cdpes as they are miles from the 
respective township corners. 
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Section porta within a township have as many 
notches on the south and east edges as they are miles 
from the south and east boundaries of the township; 
hut no notches lire out on the north and west edges. 

Section posts must be witnessed by trees, one in 
each section, or, in the absence of trees, by pits 18 
inches square and 12 inches deep. 

St. Section corner mounds are 44 feet in diameter at 
the base, and 2 feet high. The post must be 4 feel 
long, 1 loot in the ground, and 1 foot high above tin 
mound, and at least 3 inches square. 

At corners common to four sections, the edges are 
in the direction of the cardinal points; but at cor- 
ners common only bo two sections, the flattened Bides 
bee the cardinal points. 

Section poets in mounds are to be marked and M*it- 
nessed in the same manner as the post without the 
mound. 

3. Stones used to mark section corners on township 
lines are set with their edges in the direction of the 
line; but for interior sections they (nvv the north. 
They are witnessed in the same manner as posts, but 

:ire not marked except by notches. 

4. Section corner trees are marked and witnessed tin 
same as posts. 



253. Quarter Section Corners. 

Quarter section corners are established at interval* 
of 40 chains or half a mile, except in the north oi 
west tier* of sections of a township. 

In subdividing these sections, the quarter |x>st i? 
placed *10 chains from the interior section corner, .-<■ 
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that the excess or deficiency shall fall in the last bftlf 

mill- 

Quarter Motion corners are not respited u> be 
lisheil on ba.se or standard ]»arullcJ lines on the north. 

Tlu- methods of perpetuating these corners are tin* 
following : 

1. Quarter section posts. 4 feet in length and \ inche* 
in diameter, ;nv planted or driven 2 feet into the 
i: round, and the jKirt abore the ground squared anil 
market] ^ >'.. hi^nifyin«r quarter section. These miners 
an- witnessed by two bearing trees. 

2. Quarter section mounds are, like section mounds, 
packed round the poeta, and pits may be Qaed in the 
absence of witness tn 

3. Quarter section stones have J cut on the west side 
of north and south lines, and on the north side of 
east and west lines, and are witnessed by two bearing 
trees or pits. 

4. A quarter section tree is marked and witnessed in 
the same manner as a poet. 



254. Meander Corners. 



Meander corners are the intersections of township or 
section lines with the hanks of lakes, bayous, or navi- 
gable rivers. 

These corners are marked by the following methode; 
I, Meander poBts of the same 6izo as section pcete, 
are planted firmly in the ground, and witnessed by two 
kg tr- - B or pits, but are not marked. 

'2 Mounds of the aatne size as those for section cor- 
ner* are, in the absence of witnes< trees, formed round 
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the poets, and a pit dug exactly on the line, 8 links 
farther from the water than the mound. 

:: Stonei or trees, witnessed in the same manner as 
|H*ts, may be employed. 



255, rliiitiiiii:. 

Eleven tally pint are employed, ten of which are 
taken by the fore ohainm&n, or leader, and the re- 
maining one by the hind chainmau, or follower, who 
sticks it at Ebe beginning of the coarse, and ugainst it 
brings tin* handle at one end of the chain. 

Tin- Leader, holding the other handle *«f the chain 
mid one pin In his right hand, draws out the chain 
to its full length in the direction of the coarse; both 
taking Care that the chain is free from kinks. 

The Leader standing to the left of the lino, so as not 
Itruet the range, with his right arm extended, 
draws the chain tight, brings the pin into line accord- 
ing to the order "right" or "left," from the follower, 
Sticks it at the order "down" by pressing his left 
hand on the top of the pin, and replies "ilnun." 

The follower then withdraws his pin, and both ad- 
vance, the leader drawing the chain in the direction 
of the course, but a little to one side to avoid drag- 
ging Ottfc the pin, till the follower comes up to the pin, 
against which he hrings the handle at his end of the 

t.li. mi. and directs the sticking of another pin, as be- 
fore, and so on. 
When the leader has Htuck his Last pin, he cries 
'■(ally," which is repeated by the Other, and each regis- 
lic tally by slipping a ring on a belt 
The follower then comes forward, and oennti&g in 
presence of bis fellow, to avoid mistake, the pins taken 
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up. takes the foreword end of the chain and pioueeds, 

U the leader, for another tally. 

If u whole chain is employed, a tally is lea chains; 
and accordingly f&Ui tallies iimko half a mile, and eight 
tallies fl mile. 

If a half-chain is employed, a tally is five chains, 
eight tallies are half a mile, and sixteecn tollies B 
mile. 

In measuring up or down a hill, tli^ chain must be 
kept horizontal, 80 that it is often necessary U> im* 
hut a portion of the chain. 

The chain employed in the i\> Id musl be compared, 
IVotn day to day. with ■ Stamford ehtrin furnished by 
the Sarveyor-General, arid any variation promptly eor- 
rected. 

256. Marking Lines. 

Line trees, called also "station trees," or "sijjhf tn 
an marked by two notches on each side of the ti 
in the direction of the line. 

The line is marked, so as to br easily followed, by 
blazing Q sufficient number of trees near the line on 
quartering toward the line. 

Saplings near the line are cut partly off by a blow 
from the ax, at the usual height of blazes, and bent 
at right angles to the line. 

Random lines are not marked by blazing trees; but 
t<- enable the surveyor to retrace the line on hia re- 
turn, bushes are lopped and bent in the direction of 
the line, and stakes are driven every ten chains, which 
are pulled uy> when the true line is established. 

Insuperable objects, such as ponds, marshes, etc., are 
id by making right-angled offset*, or by trigono- 
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metrical operations, a complete record of which mart 
in- mode in ill*? Held book. 



257. Initial Point and Principal Lines. 

1. The initial point, which is usually some perma- 
nent natural object, as the confluence of two river.-, OT 
an isolated mountain, is first selected. 

2. Principal meridians arc ruu from the initial points 
due north or due south, and the quarter section, sec- 
tion, and township corners on these lines are accu- 
rately located and perpetuated. 

The following are the principal meridians already 
established : 

1st. The first runs north from the mouth of the 
Great Miami river, between Ohio and Indiana, to the 
south line of Michigan. 

2d. The second runs north from the mouth of the 
Little Blue river through the center of Indiana to its 
north line. 

3d. The third runs north from the mouth of the 
Ohio river through Illinois to its north line. 

4th. The fourtli runs north from the Illinois river 
through the western part of Illinois and the center of 
Wisconsin to Lake Superior. 

5th. The fifth runs north from the mouth of the Ar- 
kansas river through the eastern portion of Arkansas, 
Missouri, and Iowa, and regulates the surveys in Min- 
nesota great of the Mississippi river, and the surveys 

in Dakottt cast of the Missouri river. 

6th. The sixth commences on the Arkansas river, 
in Kansas, and runs north through the eastern part 
of Kansas and Nebraska to the Missouri river. 
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7th. buhpcndmti meridians. — Tlieae an- the Trufcp 

meridian of flew Mexico, the 9b& /./ffce meridian in f.W/, 
the WiHumilte. meridian of Onipm and W'tiJiitujton, anil 
tin' ll>tuiho!if( meridian, the J/f. Diablo meridian, und the 
St. Bcnuii'linn meridian of Calijorui i. 

3. Base lines are run from the initial points due east 
or due west, and the quarter section, section, and town- 
ship corners, for the land north of the line, are accu- 
rately located, at full measure, and perpetuated. 

4. Standard parallels are also run due east or due 
west thirty miles north of the base line or other 
standard parallel, and the corners located and perpetu- 
ated as on the base line. 

t. Range lines are run between the ranges of town* 
.ships due north from a base line or standard parallel 
to the next standard parallel. 
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In the above diagram let P denote the initial point, 
PM the principal meridian, BL the hue line, SP' the 
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first fttandard parallel north, and let the squares denote 
townships. 

1. Pot townships west of the meridian, begin at the 
iir.--t pre-established township corner on the l>ose lint* 
west of the meridian. This is the fi If. earner of 
T. 1 jV,, #. 1 H'., and is marked 1 in the diagram. 

Measure thence due north 480 chains, establishing 
the quarter section and section corners, to '1. at which 
point establish the corner common to TVs 1 and 2 N. 
and /?.'* 1 and 2 W.J tliencc east on a random line, 
ting temporary quarter .section and section stakes to 3. 

If the random line should overrun, or fall short, or 
intersect the meridian north or south of the true cor- 
ner, more than 3.50 chains, a material error ha* i tec 
committed, and the lines must be retraced. 

If the random line should terminate within 3,50 
chains of the corner, measure the distance at which 
the meridian is inters <t<d n..rth or south of the cor- 
ner, calculate a course which will run a true line hack 
from the cornel 1 to the point from which the random 
line started, measure vrestward to I, which is the Fame 
point as 2, establish the permanent corners, obliterate 
the temporary corners on the random line, and throw 
the excess or defect, if any, on the west end of the line. 

In like manner, measure from 4 to 5, from 5 to 6, 
from 6 to 7, and so on to 14, on the standard parallel, 
throwing the excess or deficiency on the last half mile. 
At the intersection with the standard parallel, estab- 
lish the township closing corner, measuring and re- 
Cording the distance to the nearest standard corner on 
said standard parallel. 

If from any cause the standard parallel has not 
been run, the surveyor will plant the corner of the 
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town hip in plucc, subject to removal north or south 
whan the standard parallel simil have been run. 

The surveyor then proceeds to the & H". corner of 
T. 1 A", if. 2 IK, on the base line at 15, and proceeds 
in a similar manner with another range of townships, 
ami s.i dii. 

■_.'. For townships cast of the meridian, begin at the 
8 Sooner of T. l K, A 1 , l E, at 1 on (be b 
and proceed as on the west of the meridian, i fccept 
that the random lines arc run west and the true lines 
, throwing the excess over 480 chains, or the de- 
ficiency, on the weal end of the line in measuring the 
quarter Boction boundary on the north, the retnain- 
Lng distances will be exact half-miles and miles. 

With the field notes ■ >J* the exterior or township 
lines, a plot of Che lines, run on a scale of 2 inches 
to tin- mile, must lie submitted, on which are noted 
all objecte of topography, which will illustrate tha 
Qotes, as the direction of streams, by arrow-heads 
pointing down stream, the intersection of the lines 
hy lakes, streain-s, jxmds, niarMies, swamps, ravines, 
mountains, etc. 

2*0. Subdivision or Section Lines* 



The deputy employed to ran the exterior lines of o 
township Ee not allowed to subdivide it, but another 

u i ployed to do this work, that the One toay i> a 

rh.vk to the other, thus securing greater si 

Before subdividing a township, the surveyo] 
asecrtain and note the change in the variation of- the 
needle which has taken place since the township Unas 
were run, and adjust his oompau to ;i variation which 
will retrace the eastern boundary of the township, 
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He must nlflo compare his own chaining with the 
original by ramcocuring tno first mile both of Uic 
south and oust linos of the township, and note the 
discrepancies, if any. 

The following is a diagram of a township: 
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corner and numbering wept, 1, 2, 3, 4, 5, 6 
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running the subdivision lines, begin 00 thfl 
jf the township, at the first section conn- 
9 east line, numbered 1 in the diagram, and 
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Run a random lino from -J due east to tin 1 township 
line, Betting up a temporary quarter section stake 40 
IDA from 2. 

If the random line infortuot the township Line pie- 

v at the pn-establishad section center at :•, it may 
Btabliahed us the true line by Mazing back and 
making the quarter section corner permanent. 

If the random line intersect the township line either 
north or south of the section corner, measure and note 
ill" distance of Qui intersection from said comer, and 
calculate a course which will run a true line from the 
corner back to 4, where the random line started. 

Let A correspond to sec- 
tion corner 2, B to 3, and _^__— i° 

' ' to the intersection of the 
township and random lines, 
and north, for example, of B the section corner. 

Then, tan A = U ' ' • 

Ad 

Lrt /--the number nf links in B(\ and m the num- 
ber of miuutes in A. Then, practically, we shall have, 

If AB = 4 mile, m = I — 1 1. 

If AB= 1 mile, m = il — ftl 

If AB — 3 miles, m = j(. 

If AB^ 6 miles, m = \ of $1. 

T^et us suppose that we have found A = 10J'. 

Now, as ('A is west by the compass, BA ifl A. 89" 
tty H' Run this line and establish the quarter <••■• 
tion at a point equidistant from the two section cor- 
ners, which will lie, with sufficient aesttN w one-half 
the length of the random line from 2. Pull up the 

te m porary quarter section stake on tin random line. 
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Proceed from 4 to 5, then on :i random lino to 6, and 
back «iii a true line to 7, and bo on to 16. 

From 10 run dm north on a random line to the north 
lin<* of the township, setting up a temporary quarter 
section stake at (0 ohaias. 

If tho random line intersect the north liue of the 
township at the pre-established section corner, the ran- 
dom line will be the true line, and is made permanent 
by biasing back, and milking the quarter section eor- 
aer permanent. 

If the random line does not close exactly on tho 
pre-established section corner, moasuro and note the 
]i unce of tho intersection from said comer, calculate 
a course that will run a true line southward from the 
conn r to 16, run this line, and establish the quarter 
on corner on it just 40 chains from l'», throwing 
tho excess or deficiency, if any, o\\ the last half mile. 

If the north township line is a base lino or stand- 
ard parallel, no random line is run, but a true line due 
north, on which a quarter section post is established 
40 chains from 16; and at the intersection with said 
base line or standard parallel, establish a closing cor- 
ner, measuring and noting its distance from the corre- 
sponding standard corner. 

Pass from 17 to 18, and survey the second tier n( 
sections in the same manner us the first, dosing on 
tliu interior section corners before established as upon 

those on the cast line of the township. 

In running the lino between the fifth and sixth 
tiers oJ sections, not only is a random line run east 
as before, but one Is run west t<> the range line, and a 
true line run back, and the permanent quarter section 

corner established on it just 40 chains from the in- 
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terior corner, throwing the excess or deficiency on the 
9681 lyjf mile. 

The Surveyor-General famishes the outline of the 
diagram, and the deputy fills it out, and makes tlir 
appropriate topographical sketches. 



•GO. Meandering. 

Navigable rivers, lakes, and bayous, being public 
highways, are meandered and separated from the ad* 
joining land. 

Standing with the face down Miviun, tin- bank on 
the right hand is called the ritjht brink; the bank on 
the left, the irji bmk 

It* b river b navigable, both banks are meandered, 
ears being taken not to mistake, in high water, the 
border of bottom-land for the true bank. 

Commence at n meander corner of the township 

line, take tin- bearing along the bank of the river, 

and measure the distance of the longest possible 

ight course to the nearest chain, if the distance 

■da 10 chains; otherwise, to the nearest ten links; 

i so on to the next meander corner on another 

boundary line of the township 

Enter in the field book, after the township notes, keep- 
inn the notes separate through each fractional section, 
the date, the point of beginning) the bearinge and din* 
tanoea in order, the intersections with all intermediate 

meander corners, the height of falls, the length of rapids, 
the location and width at the mouth of streams tun- 
ning into the water you are meandering, the location 
of springs on the banks, the nature of their waters, 
the. location of islands, the elevation of banks, etc. 
s n. 20. 
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If the river is not navigable, meander the right 
bank, unless it presents formidable obstacles not found 
DO tin- left bank: lint the crossing of tin- stream, in 
meandering, must be made from a pre-established me- 
ander corner on one hank to the corner on the other 
Kink, and the width of the river between the corners 
computed trigonometrically. 

Wide flats whose area is more than 40 acres, per- 
iii inontly covered with water, along rivers not navi- 
gable, are meandered on both banks. 

The position of islands in rivers is determined hy 
measnring, on *»r near the bank, h base line, connected 
with the surveyed lines, and taking the proper bear- 
ings to a flag or other object on the island, and comput- 
ing the distance from (lie meander corners nf the river 
to points on the bank of the island. The inland can be 
meandered from such points. 

In meandering lake?, ponds, or bayou?, commence 
at a meander corner of the township line, and proceed 
as in ease of a river. If, however, the body of water 
is cntir.lv within a township, bejein at a meander eor- 
n -r established in subdividing. 

In meandering a pond lying entirely within Hie 
boundaries of a sot ion, run to the pond two lines 
finii) (In- nearest section or quarter section corners, on 
opposite sides of the pond, giving their bearingB and 
distances, and at the intersection of these tinea witli 
the bank of the pond establish witness points by 
planting |*>sts, witnessed by bearing trees or moundfl 
and pits, then commence to meander nt one of tics* 
points, and proceed around to the oiler, and thence to 
the point of beginning. 

\(. biases Of marks are made on meander lines 1h> 
tween established corners. 
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261, Swamp Lands. 

By the :iet of Congress approved Sopt. 28th, 1860, 
swamp and overflowed lands, unfit for cultivation, arc 
granted to the state in which they are situated. 

If the larger part of the smallest legal subdivision 
i- swamp, it goes to the state; if not, it is retained 
l-v the Government. 

In order to determine \vh:il lands fall to the state 
under the swamp art, it is required that the field 
notes, beside other things required to he nnted t should 
indicate the pointa when the public lines enter and 
ware all such laud. 

The aforesaid prnnt does not embrace lands subject 
to easual inundation, hut those only where the over- 
flow would prevent the raising of crops without arti- 
ficial aid, such as levees, etc. The surveyor should 
therefore stale whether such lands an? continually and 
permanently wet, or subject to overflow so frequently 
as to render them totally unfit for cultivation. 

The depth of inundation is to be stated, as deter- 
mined from indications on the trees, and file frequency 
of inundation should be giten as accurately u 
Bible, from the nature of the case or reliable testimony. 

Th<- character of the timber, ahrube, plants, etc, 
growing on such lands, and on the land near rivers, 
takes, or other bodies of water, should be stated. 

The words "unfit for cultivation" should be em- 
ployed, in connection with the usual phraseology, in 
the notes, on entering or (earing such lands. 

If the margin of bottoms, swamps, or marsh*-, in 
which such uncultivable land exists, is in t identical 
with the body "f land unfit lor eultivati->ii :[ separate 
entry must be mad.- opposih f !■•• marginal distam-e. 
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in case Lin- hind ifl overflowed by artificial means, 
such as dune f«»r milling, logging, etc, snob overflow 

will not be officially regarded, but the lines of t lie- 
public surveys will be continued across the .-aim- with- 
out setting meander posts, stating particularly in the 
notes the depth of the water, and how the overhW 
was caused. 



gtt& Field Books. 

The field books arc the original and official records 
of the location and boundaries of the public lands, 
and afford the elements from which the plots are 
I ractedi 

They should, therefore, contain on accurate record of 
every thing officially done by the surveyor, pursuant to 
Instructions in running, measuring, and marking lines, 
and establishing corners, and should present a full 
topographical description of the tract surveyed. 

There arc four distinct fiVld lmuk*. 

1. A field book for the meridian and '"/-' liu- 
hibiting the establishment of the township, section, 
and quarter section corners on these lines, the crossing 
of streams, ravines, hills, and mountains, the character 
of the soil, timber, minerals, i 

.. ; . \ field book For Btandard jxirntltin or enrraiitm llne^ 
allowing the township, section, and quarter section mr- 
m rs on the lines, and th ■ V pograpliy of the country 
through which the lines pass. 

:'.. A Field book for ttiari&r or tauntBkip linc^ showing 
the establishment of corners on the Unas, and the tc- 

j.hy. 
1 A full book for mbd/Mmon or weeUon Unr*, giving 
the comers and topography as aforesaid. 
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The variations of the needle mu.-t bo stated in a 

n U line, preceding tin' notes of measurement, 

which must be recorded in the order in which the 

work is Cbne, and th« date nm>t immediately follow 

tli* n itefl i »t each d i\ *s work. 

The exhibition of Bvcrj mile surveyed must l>c com- 
plete in itaelf, und be separated from the preceding and 
following notes by a line drawn across the paper. 

The topographical description must follow the notes 
for each mile, and not be mixed up with them. 

No abbreviations are allowed, except for word* con- 
stantly occurring, as ass. for section, ch. for chains, ft, 
for feet, J ecc, cor. for quarter section corner. 

iei names are never to be abbreviated. 

The field books must be hi kept .1- to show the 
amount of work done in each fiscal year. 

Tin- notes should he expressed in clear and p] 
language, and the writing legible. 

No record is to be obliterated, or leaf mutilated or 
taken out. 

The title-page of each l>ook should designate the 
kind of lines run, giving prominently the name of 
the state or territory and surveyor, the dates of con- 
tract, and of commencing and completing the work. 

The second page should contain the Dames and 
duti< ■■ • : and whenever 1 now assistant is 

loyc 1 <<r the duties of any of them • hanged] such 
facta, with the reason, should b* itated in an appro- 
priate entry, imm diately preceding the notes taken 
under sucn 'hanged arrangements. 

An index, in the form <>f fi diagram or plot of the 
survey, with number on each line, referring to the 
page of the field notes on which is found the deacrip* 
tion of Mh Hne, must accompany tin 
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263. Records in the Field Book. 

1. General heading of the pages.— The number of the 
township and range, and the name of the principal 
meridian of reference, stood at the head of each j i 

2. Heading for each mile. — The bearing, location, and 

kind of line run, whether random or true, must be 
stated in a line; and the variation of the needle, in fl 
separate line on the page at the head of the notes, for 
each mile run. 

3. Courses and distances. — The course and length of 
each line run, noting all necessary orlsets therefrom, 
with the reason and mode thereof. 

4. The method of perpetuating corners. — If a tree, note 
the kind and diameter; if a stone, its dimensions, as 
factors in the order of length, breadth, and thiekm 38 
If a post, its dimensions, the kind of timber, the kind of 
memorial, if an}', buried by its side, and it" surrounded 
by a mound, the material of which the mound is oon- 
strueted, whether of stones or earth; the course and 
distance of the pits from the center of the mound 
where a necessity exists for deviating from the general 
rule of witness trees. 

5. Bearing trees.— The kind and diameter of all bear- 
ing trees, with the course and distance of the same 
from their respective corners, and the precise relative 
position of the witness corners with respect to the 
true corn era. 

6. Line trees,— The kind, diameter, and distance on 
the line, from the corner, of all tree3 which the line 
tntersecte. 

7. Intersection of land objects. — The distance at which 
the line Bret intersects and then Leaven every settler's 
claim and [mprovemi at, prairie, bottom-land, swamp, 
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marsh, grove, or windfall, with the course of the same at 
both ]M>int- of intersection; the distance at which n line 
begins to ascend, arrive* at the top, or reaches the foot 
of all remarkable hills and ridges, with their courses and 
estimated height above the surrounding country. 

S. Intersection of water objeots. The distance at 
which tlo- Lino intersects rivers, creeks, or other bodice 
of water, the width of navigable Btretxna, aad small 
lakes or j>onds between the meander corners, the height 
of bunks, the depth and nature of the water. 

9. Surface. — Level, rolling, broken, or hilly. 

10. SoiL— First, second, or third-rate ; * lay, sand, loam, 
or gravel. 

11. Timber. — Kind, in order of abundance, and un- 
dergrowth. 

lj. Bottom-landi.— Wot or dry; whether subject to 
inundation, and to what depth. 

IS. Springs. — Fresh, saline, or mineral; and mnrs4! 
of their streams. 

14. Improvements — Towns and villages, Indian vll- 
lagea and wigwams, houses and cabins, fields, fena 
sugar-tree groves, mill-seats, forges or factories. 

15. Coal beds. — Note the quality of coal bods, and 
their extent to the nearest legal subdivision. 

10. Boads and trail*. — Whence, whither, and direc- 
tion. 

17. Eapids, cascades. — Length of rapids, height of 
falls in feel 

18. Precipices. — Describe precipices, caves, ravines, 
sink-holes. 

19. Quarriei. — Whether marble, granite, lime-stone or 
eand-stone. 
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20. Natural curiosities. — Interesting (bomb, ancient 

work-;, n> mounds, fortifications, cmbankim ntt, etc. 

21. Change of variation. — Any material change in the 
variation of the noodle must be noted, and the exact 
]• inta where such variation occurs. 

22. Dates. — State the date of each day's work in a 
aep&l&tG line, immediately after the notes for that day. 

29. General description. — At the conclusion of the 
notes for the subdivisional work, taken on the line, 
the deputy must subjoin a general description of the 
township in the aggregate, in reference to the face of 
the country, its soil, timber, geological features, otc. 

24. Verification of Deputy Surveyor.— The deputy must 
append to each separate book of Geld notes his affidavit 
that all the lines therein described have been run, and 
all the corners established and perpetuated according to 
the instructions and laws, and that the foregoing notes 
are the true and original field notes of such survey. 

25. Verification of Assistants. The eompaasmau, flap- 
:u ni, chainmen, and axman must also attest, under oath, 
that they assisted said deputy in executing said sur- 
veys, and that, to the best of their knowledge and be- 
lief, the work 1ms boon strictly performed according to 
the instructions furnished by t!»" Surveyor-General 

26. Approval and certificate of the Sarveyor-Qeueral.— 
The Surveyor-General will attach his official approval 
to each of the original Held books, and affix his of- 
ficial certificate to the copies of the field notoe trans- 
mitted l<» tin* general loud office, that they arc true 
copies of th" originals on file in his office. 

The following specimen pages of field notes, taken 
a the (/fitted Stafa Manual of Surveying Instruction*^ 
will illustrate the Bubjeoti 



PUBLIC LANDS. 



241 



FIELD NOTES 



or tbi 



Exterior and Subdivision Lines 

Of Township 25 North, Range 2 West, 
Willamette Meridian, 

OREGON. 

Surveyed by Robert Acres, Deputy Surveyor, 

Under his contract, dated , 18 — . 



Survey commenced 
Survey completed 



8. N.M 
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264. Index. 

Referring the lines to the pages of the field notes. 
T. 25 N., It. 2 W., Willamette Meridian. 





<L D A,J 



The lines numbered arc described in the notes on 
the pages indicated by the numbers. 



Names of Surveyor and Assistants. 

Robert Acres, Surveyor. George Sharp, Axnian. 
Peter Long, Chainman. Adam Dull, Axnian. 
John Short, Chainman Henry Flagg, Compassman. 



W J. A M'S. 



uz 



265. Field Notes. 



Boundary, T. 2- r > N« fi. 2 TT„ WVfo-. 



Chain?. 



Begin at the post, the established corner 
to Tovcohipe -1 and 2£ North, in Ranges 2 
and 3 West. The witness trees all standing, 
and agree with tho description furnished me 
by the office, viz; 

A Bluck CUk, 20 in. dia., X. 37° E. 27 link*, 

A Burr-onk,24 in. di&,N.43° W. 85 links 

A Maple, IS in. dia., B- 27° W. 88 links, 

A White Oak, 15 in. dia., S. 47° E. 41 link:-. 

East on a random line on the South Bound- 
aries of sections 31, 32, 33, 34, 35, and 36. 

Variation by Burt's improved solar com- 
pass, 1S° 41' E. 

I sot temporary half-mile and mile posts at 
every 40 and 80 chains, and at 5 mill-. 71 
chains 53 links, to a point 2 chains and 20 
links north of the corner to Township _'l 
ami 25 North, Ranges 1 and 2 W. 

(Therefore, the correction will 1m? 5 chains, 
47 links H>>7, and 37 links South per mile. » 

I find the corner p"sl standing and the 

witness trees to agree with the description 
furnished mo by the Surveyor-General's 
fiffifiBjj viz: 

A Burr-oak, 17 in. dia., bears X. 44° E. 31 
links, 

A White Oak, 1G in. dia., bears N. 26° W. 
21 Links, 

A Linden, 20 in. dia., bears S. 42° W 16 tka, 

A Black Oak, 24 in. dia., bears B. 27° K. U 
links, 
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(2) 

Sbufl Boundary, 7. 25 tf, tf. 2 W., WUhmOU Mtridfo v . 



Chains. 



40.00 



62-50 
S0.00 



From the corner to Townships 24 and 25 
N ., Ranges 1 and 2 \V.. I run (at 1 variation 
of 18° 41' East) [See Arts. 258, 289.] 

N. 89° 44' W., on a true line* along t.hc 
South Boundary of section 3fi, set a ]»ost for 
quarter section corner, from which 

A Beech, 24 in. dia., bears N. 11° E. 38 
links dial 

A Beech, 9 in. dia., bears S. 9° E. 17 links 
dist. 

A Brook, 6 links wide, runs North. 

Set a post for comer to sections 35 and 36, 
1 and 2, from which 

A Beech, 9 in. dia., bears N. 22° E. 16 links 
dist. 

A Beech, 8 in. dia,, bears N. 19° VV. 14 
links dist. 

A White Oak, 10 in. dia., boars S. 52° \V. 

7 links diBt 

A Black Oak, 14 in. dia., bears S. 46° E. 

8 links dist. 

Land— level, pood soil, fit for cultivation. 
Timber — Beech, various kinds of Oak, Ash, 
Hickory. 



40.00 



N.80° 44' W., on a true. Una along the South 
Boundary of serf inn 85, Variation 18° 41' E. 

Set a [Mist for quarter seel ion corner, from 
which 

A Beech. 8 in. dia., bears N. 20° B. 8 links 
dist. 

No other tree convenient; made a trench 
around poet 
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(*) 
ah Boundary, T. 25 JV., R. 2 »'., KBfMMto Mend 



Chains- 
G5.00 

S0.00 



Begin to ascend a moderate hill; bears N. 
and & 

Set a post with trench, for corner of sections 
34 and 35, 2 and 3, from which 

A Beech, 10 in. dia., bears N. 56° W. 9 
links dist. 

A Beech, 10 in. dia,, bears S. 51* E. 13 
links dist. 

No other tree cnuwiiimt to mark. 

Land— level, or irrntly tolling, and gixxl 
for farming. 

Timber— Beech, Oak, Ash, and Hickory; 
■Otna Walnut :md Poplar. 



40.00 



80.00 



N. 89 Q 44' W. on a tmc lino along the South 
Boundary of section 34, Variation 18° 41' B 

Set a quarter section jxwst with trench. 
from which 

A Black Oak, 10 in. dia., bears N. 2° E. 635 
links dist. 

No other tree convenient to mark. 

To point for corner sections 33, 34, 3 and 4. 

Prove charred stakes, raised moundl with 
trenches, as per instructions, from which 

A Burr-oak, 10 in. dia., bears N. 31° E. 344 
links. 

A Hickory, 12 in. dia., bears S. 43° W. 231 
links. 

No other tree (xmreoient to mark. 

Land — level, rich, and good for fanning. 

Timber — some scattering Oak and Walnut 
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<«) 


Sbud Boundary, T. 25 IE, R. 2 IP., Willamette Townrfiip. 


Chains. 


N. .S9° 44' W. on a true line along the South 




Boundary of lection 88, Variation 18° 41' E, 


37.51 


A Black Oa-k, 24 in. dia. 


40.00 


Set a post for quarter section corner, from 




which 




A Black Oak, 18 in. dia., bears N. 25° E. 




83 links tlist. 




A White Oak, 15 in. dia., bears N. 43° W. 




2*2 links dist. 


62.00 


To foot of steep hill, bears N. E. and S.W. 


80.00 


Set a post for corner to sections 32, 88, 4 




and 5, from which 




A White Oak, 15 in. dia., bears N. 23° E. 




27 links dist. 




A Black Oak, 20 in. dia., bears N. 82° \V. 




75 links dist. 




A Burr-oak, 20 in. dia., bears S. 37° W. 




92 links dist. 




A White Oak, 24 in. dia., bears S. 26° E. 




42 links dist. 




Land — gently rolling; rich farming land. 




Timber — Oak, Hickory, and Ash. 




N. S9" 44' W. on a true line along the South 




Boundary of section 32, Variation 18° 41' Iv 


37-50 


A Creek, 20 links wide, runs North. 


40.00 


Set a granite stone, 14 in. long, 10 in. wide, 




and 4 in. thick, for quarter section corner. 




from which 




A Maple, 20 iu. dia., bears N. 41° E. 25 




links dist. 




A Birch, 24 in. dia., bears N. 35° \\\ 22 




links diflfc 
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(ft] 


South Bmmdanjt T. 25 X, R. 9 W^ WOUmOk Mffrti 


chains. 




7&Q0 


To 8. K. edge of Kwamp. 




As it is iiii|M»ssiii!r t.i establieli pfrman^nUp 




the I'unuT t»> BOOtiow SI, 39, 5 and G, in tbl 




swamp, I therefore, at this point, -1.00 chains 




east of the true point for Mid WOtlOQ cunicr, 




raise :» witness noond with trench, as /*r 




instructions, from which 




A Bluck Oak, 20 in. dia., bears N. 51° E. 




115 linkv 


80.00 


A paint in deep swamp for corner to >m-- 




tions 31, 32, 5 and 6. 




Land— rich bottom j wai of creek, part wrt ; 




eaM of creek, good for farming. 




Timber — good; Oak, Hickory, and Walnut. 




X. 89° 44' W. on a true line along the Bottth 




Boundary of section 31, Variation 18° 41' E, 


11.00 


Leave swamp and rise bluff 150 feel high, 




bears X. and S. 


40.00 


Set post for quarter section comer, from 




which 




A Sugar tree, 27 in. dia., bears S. 81° W. 




42 links dist. 




A Beech, 24 in. dia., bears S. 71° E. M 




links dist. 


54.00 


Pool of rocky bluff 30 feet high, bears X. E. 




And S. W. 


57.50 


A spring branch comes out at the fa i 




of the blufi; 5 links wide; runs N.W. into 




swamp. 


61.00 


Enter swamp; bears X. and 8. 


70.00 


Leave swamp; bears X. and S. 
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South Boundary, T. 25 JV., R. 2 H*., WfllMtiti MtHA 



Chains. 



74.73 



8.56 



The swamp contains about 15 acres, the 
greater part in section 31. 

The corner to Townships 2-1 and 25 N., 
Ranges 2 and 3 YY . 

Land — except the swamp, rolling, good, 
rich soil. 

Timber — Sugar-tree, Bcooh, Swamp Maple. 
Jan. 25th, 1854. 



Between Ranges 2 and 3 West, from corner 
to Townships 24 and '25 N., I run 

North, on the range line between sections 
31 and 3(i, Variation 13° 5ff Bast. 

Set a post on the left bank of ChiokeeleQ 
river, for corner to fractional sections 31 and 
36, from which 

A Hackberry, 11 in. dia., bears N. 50° E. 
11 links dist. 

A Sycamore, GO in. dia., bears S. 15° W. 24 
links dist. 

I now cause a flag to be set on the right 
bank of the river, nnd in the line between 
sections 3L und 36. I now cross the river, 
nnd from a point on the right bank thereof 
west of the corner just established on the 
loft bank, I rim North on an offset line, 25 
chains and 1)4 links, to a point 8 chains and 
56 links nest of the flag. I now set a post 
in the pluee of the flag, for corner to lin 
tional sections 31 and 36, from which 

A Beech, 10 in. dia., bears N. 2° E. 12 
links dist. 
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Betuxm Ranges 2 and 8 W H T. 25 N., WiUamdte MeruVm 



Chain* 

34,50 
40.00 



43.41 
80.00 



A Black Oak, 12 in. dia., bears N. 80° \V. 
16 links dist. 

Tlir comer above described. 

;t post for \ section corner, from which 

A Burr-oak, 20 in. dia., beurs N. 37° E. 26 
links tli.-f 

A Black Oak, 24 in. dia., bears N. 80° W. 
1G links dist. 

A Black Walnut, 30 in. dia. 

Bet a post for corner to sections 30, 31, 25, 
and 3G, from which 

A Beech, 14 in. dia., bears N. 20° E. 14 
links dist. 

A Hickory, 9 in. dia., bears N. 25° W. 12 
links dist. 

A Beech, 16 in. dia., bears S. 40° W. 16 
links dist. 

A White Oak, 10 in. dia,, bears S. 44° E. 
20 links dist. 

Land — level; rich bottom; not inundated. 

Timber — Oak, Hickory, Beoeh, and Ash 



In like manner all the other Township lines are run. 

Gettfrti! Ikxilj'iion. 

This township mutants ■ l&tge amount of first -rate 
hind for farming. It is well timbered with Oak, Hick- 
< i\. Sugar-tree, Walnut, Beech, and Ash. 

Chickeeles river is navigable for small boats in low 
Water, and does not often overflow its banks, which are 
from ten to fifteen feet high. 

Tin- township will admit of a large settlement, and 
should therefore be subdivided. 
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Field 


Xotrs qf the Subdivision Lines and Meanders 




>f ChickecAcA River, in Township 26 -V, 




R. 2 IP., Willamette Mrridian. 


Chains. 


To determine the proper adjustment of 




my compass for subdividing this township, 




I commence at the corner to Townships -'1 




and 25 N., R. 1 and 2 W., and run 




North, on a blank lino along the East 




Boundary of section 36, Variation 17° ol' 




Bast, 


40.05 


To a point 5 links west of the quarter 




section corner. 


80.09 


To it point 12 links west of the corner to 




sections 25 and 36. 




To retrace this line, or run parallel thereto, 




my compass must bo adjusted to a variation 




of 17° 46* East. 




Subdivision commenced Feb. 1, 1864. 




From the corner to sections I, 2, 35, and 




30, on the South Boundary of the Township, 




I run 




North, between sections 35 and 36, Varia- 




tion 17° 46' East, 


0.19 


A Beech, 30 in. din. 


29.97 


A Beech, 30 in. din. 


40.00 


Set a post for quarter section corner, from 




which 




A Beech, 8 in. dia., bears N. 23° \V. US 




links dist. 




A Beech, 15 in. dia., bears S. 48° E. 12 




links dist. 


51.00 


A Beech, 18 in. dia. 


76.00 


A Sugar-tree, 30 in. dia. 
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Taumthip 25 A'., B**gt 2 N'. RUmmOi iftrarffan, 


Chains. 
BOtOO 


Set a post for corner to sections 25, 2G, 36, 
and 36, from which 

A Beech, 28 in. dia., hoars N. tiO 9 E. 45 
link? dist. 

A Beech, 24 in. dia., bears N. 62° W. 17 
links dist. 

A Poplar, 20 in. dia., bears 8. 70° W. 50 
links dist. 

A Poplar, 36 in. dia., bears S. 06° E. 34 
links dist. 

Laud — level, second-rate. 

Timber — Poplar, Beech, Sugar-tree, and 
some Oak; undergrowth — same, and Hazel. 


9.00 
15.00 
40.00 

56.00 

72.00 
80.00 

40.00 


East, on a random line between sections 
25 and 36, Variation 17° 46' East. 

A Brook, 20 links wide, runs north. 

To foot of hills, bears N. and S. 

Set a post for tcmrJorary quarter action 
corner. 

To opposite foot of hill, bears N. and S. 

A brook, 15 links wide, runs N. 

Intersected East Boundary at post corner U) 
sections 25 and 36, from which corner I run 

West, on a true line between sections 25 
and 36, Variation 17° 46* Eafii 

Set a post on top of hill, bears N. and S., 
from which 

A Hickory, 14 in. dia., beaTS N. 60° E. 27 
links dist. 

A Beech, 15 in. dia., bears S. 74° W. 9 
links dist. 
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{10) 


TavmMp 25 JR, Range 2 W* Willamette Meridian. 


Chains. 




80.00 


The corner to sections 25, 26, 35, and 36. 




Land — east and west parts, level, first-rate; 




middle part, broken, third-rate. 




Timber- Beech, Oak, Ash, etc.; under- 




growth — same, and Spice in the bottoms. 




North, between sections 25 and 26, Vari- 




ation 17° 4<T East. 


7.00 


A Poplar, 40 in. dia. 


17.20 


A Brook, 25 links wide, runs N. \V. 


18.06 


A Walnut, 30 in. dia. 


33.44 


A Brook, 25 links wide, runs N. E. 


40.00 


Set a post for i rcc. corner, from which 




A Burr-^jak, 36 in. dia., bear? N. 42° E. 18 




links (list. 




A Beech, 30 in. dia., bears S. 72° W. 9 




links dist. 


60.15 


A Beech, 30 in. dia. 


80.00 


Set 8 ]»o>tt for corner to sections 23, 24, 25, 




26, from which 




A White Oak, 14 in. dia., bears N. 50° E. 




40 links. 




A Sugar-tree, 12 in. diu. f hoars N. 14° W. 




31 links. 




A White Oak, 13 iu. dia., bears S. 38° W. 




32 links. 




A Sugar-tree, 12 in. dia., bears S. 42° & 




14 links. 




Land — level on the line; high ridge of 




hills through the middle of section 25, run- 




ning N. and S. 




Timber — Beech,Walnut, Ash, Maple, eto. 
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TbunaMp K -V, Rang* 2 W\ FKZZeaufti B&riditm. 

Chains.! In like manner other Bttbdivieoa Lift ■ 

are run. 



24.00 



Notes of the MenntUra of a Small Ltkr (n 
Seftion 26. 

Begin at the } sec. cor. on the line bctu D 
sections 23 and 26, run thenoc Booth 

To the margin of the take, whew sot a 
post for meander turner, 1'rom which 

A Beech, 14 in. dia., bears N. 4o° E. 10 
links diet 

A Beech, 9 in. dia., bears N. 15° W. 14 
Liaka dist. 

Thenoc meander around the lake u follows; 

S. 63° E. 17-75. At 75 links, croea ootid 
to lake 10 links wide, runs N. E. 

S..3° E. 13.00. 

S 30* W. 8.00. 

S. 65 c W. 12.00 to a point previously dele* 
mined 20.30 chains North of tin- quarter Mo- 
tion corner on the line between section 
and 35. 

Sat part meander corner, Maple, lt> in. dia., 
bean S. ir» c W. 20 links diet. 

Aflh, 12 in. dia., bean 3. 21° E. 16 links 
dist. 

( In this vicinity wc 

dieocn ered remarkable 

N.63°\V. 10.00 . „ ivt)iaiup of ai(i . 

N. 13° W. 21.00 m . iIs wcH woHh lUr ;i( 
trillion of natural i.-ts. 
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(12) 
Toionship 25 N., Range 2 W. t WWameUe Meridian. 



Chains. 



N. 52° E. 17.30 to the place of beginning. 
This is a beautiful lake, with well-defined 
banks from 6 to 10 feet high. 
Land — first-rate. 



Meanders of the left bank of Chickeeles River. 

Begin at the corner to fractional sections 4 and 33, in 
the North Boundary of the Township, and on the left 
and S. E. bank of the river, and run thence down the 
stream with the meanders of the left bank of said river, 
in fractional section 4, as follows: 

Remarks. 



To the corner to fractional sections 
4 and 5 ; thence in section 5, 



Courses. 


Dist. 


S.76°W. 


18.50 


S.6l°\V. 


10.00 


S.59°\V. 


8.30 


S.54°W. 


10.70 


S.40°\V. 


5.60 


S.50°\V. 


8.50 


S.37°W. 


17.00 


S.44°W. 


22.00 


S.38°\V. 


26.72 


S.21°W. 


16.00 


S.10°\V. 


13.00 


South 


8.50 


S.9°E. 


5.00 


S.17°E. 


20.00 


S.10°E. 


12.00 


S.22i°E. 


8.46 



To the corner to fractional sections 
5 and S; thence in section 8, 



To the head of rapids. 



To the foot of rapids. 
To the corner to fractional sections 
8 and 17. 

Land, along fractional section 8, 
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(18) 


TbwMp 26 -V, Ranga 9 Jr.. H 


Cooxeee. 


Dist 


Remarks. 

high, dob bottom; not inundated. 

The rapid- :m :-7.00 chains Long] 

rocky bottom; estimated fall, 10 feet. 

Meanders in Section 17. 


S.17°E. 


15.00 


At 5 chain*, discovered a vein of 
coal, which appears to be 6 feel 
thiek, and may be readily worked. 


B.8°E. 


12.00 




M°W. 


22.00 


At 3 chains, the ferry across the 
river to Williamsbursli. on tin. oppo- 
site side of tho rivor, 


s.J.">°\V. 


17.00 




S.7M°W. 


L2.00 




B.71°Wi 


<».:»:> 


To the corner t<> fractional sections 
17 and 18; thence in section 18, 


tf.K5°W. 


K&QO 




B73j W 


15.93 


To the^orner to fractional sections 
IS and 19, 


8.65°W. 


14.00 


In section 10. 


B.eo°w. 


23.00 




B 42°W. 


10.00 




S.20°W. 


mm 




610i°\V. 


13.83 


•©-At 2 chains, cross outlet to 
pond and lake, >'>0 links wide, to the 
turner to fractional notions 10 and 
24, on the ranee line, :VJ..*<) chains 
North of the corner to sectiooa !■'. 
30, 24, and 25. 


The al 


...v. selection* vril] serve u Bpeeimena of tho 


maim'-r 


£ taking tho field notes. 
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266. General Description. 

The quality of the land in this township is con- 
siderably above the average. There is a fair propor- 
tion of rich bottom-land, chiefly situated ou both sides 
of Chickeeles river, which is navigable, through the 
township, for steamboats of light draft, except over the 
rapids in Section 8. 

The uplands are generally rolling, good first and 
Beeond rate land, etc. 



267. Certificates. 

1, Robert Acres, Deputy Surveyor, do solemnly swear 
that, id pursuance of a contract with . Surveyor 

of the public lands of the United State?, in the State 
[or Territory] of , bearing date the day 

of , IS , and in strict conformity to the laws 

of the United States and the instructions furnished by 
the said Surveyor-General, I have faithfully surve\v<! 
the exterior boundaries [or subdivision and meanders, 
as the case may be] of Township number twenty-five 
North of the base line of Range number two West of 
the Willamette Meridian, in the aforesaid; awl 

do further solemnly swear that the foregoing are the 
true and original field notes of such survey. 

Robert Acpes, 

Dq.vtf, Stirvryr,\ 

Subscribed by said Robert Acres, Deputy Survey- <r. 
and sworn to before me, a Justice of tin Peace for the 

County, in the State [or Territory] of 
thlfl day of , 18 . 

Henky Door.rrrL£, 

Ju&tuv: of the l\acf.. 
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Wo hereby certify that we assisted Robert Acres, 
Deputy Surveyor, in surveying the exterior boundaries, 
and subdividing Township number twenty-five North 
of the base line of Range number two West of tho 
Willamette Meridian, and that said Township has been, 
in all respects, to the best of our knowledge and belief, 
well and faithfully surveyed, and the boundary monu- 
ments planted according to the instruction! furnished 
by the Surveyor-General. 

Peter Long, GAatftwan. 

John Short. Chahma*. 

Geow.k Shalt. A i mail. 

Ai»am Dull, Armam, 

lIi.Mtv Flag*;, Compassmnn. 

Subscribed and Rworn to by the above named per- 
sons, before me, ■ Justice of the Peace for the county 

of , in the State, [or Territory] of , this 

day of , 18 . 

Henry DoornTiE. 

JuMin i>f tm P''<trr_ 

Surveyor's Opvici at . 18 . 

The forepoinp field ootefl of the Bnrvey of [here de> 

BOribe the SQWey], executed by Robert Acres, under his 

contract of the day of , IS p in the 

month of , IS , having been critically examined, 

the necessary ronri'tiiiiis and explanations made, the 
kuuI fi>ld notes, and the surveys they describe, are 
hereby approved. A. R, 

Sun 



To tho notes of each Township, in the copies <>f the 
Gold notes transmitted to the seat of government, the 
SorveyoiU general nill append the following certificate: 
ft. x. za 
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I certify thut the foregoing transcript of the field 

s of the Survey of the [here describe the character 

of the surveys; whether meridian, base line, standard 

parallel, exterior township lii « -, ot subdivision lines 
and meanders of a particular township], in the State 
[or Territory] of , has been correctly copied from 

the original notes on iile in this office. A. B., 

Survet/or-Geiicmt. 



2G8. Corners and Boundaries Unchangeable. 

According to an act of Congress, entitled "An act 
concerning the mode of Surveying the Public Lands 
uf the United States," approved February 11th, 1805, 
nnd still in force, 

1st. "All the corner* marked in the surveys returned 
by the Surveyor-General, shall be established as tin- 
proper corners of sections or subdi visions of sections 
which they were intended to designate; and the cor- 
ners of half and quarter sections, not marked on said 
surveys, shall be placed, ae nearly as possible, equi- 
distant from those two corners which stand on the 
san i<* line." 

2d. "The boundary lines actually run and marked 
in the surveys returned by the Surveyor-General, shall 
be established as the proper boundary lines of the 
sections or subdivisions for which they were intended ; 
and the length of such lines, as returned by the Sur- 
veyor-General aforesaid, shall be held and considered 
as the true length thereof." 

If it is afterward found that a post is out of line, 
or that the line has been unequally subdivided, the 
general government only has the power of correction, 
and that only while it holds the title to the lauds 

atlectid. 
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Such boundaries only as are established by tie S u 
veyor-Gcneral, or the deputy, in the performance of 
his official duties, and in accordance with law, come 
under the above rules. 



2Gi>. Restoring Lost Boundaries. 

Loat boundaries must be restored in ronformity wilh 
the laws under which they were originally established. 

At an early day, three sets of section corners were 
bliahed on the range lines; later, two sets on all the 
township boundaries; at present, the section lines close 
on previously established corners on township corners, 
making one set of corners, except on the base lines 
and standard parallels, whero double corners — standard 
Corners and closing corners — are established. 

In order to restore lost boundaries correctly, the 
surveyor must know the manner in which townships 
were originally subdivided. 

In case of three sets of corners on the range lines, 
one set was planted when the exteriors were run. 

Corners on the east and west lines between two town- 
ship-', belong to the sections of the township north. 

from these corners, section lines were run due north, 

which would not, in general, close on the corners of 

the township line on the north, thus making two sets 

of corners on the north and south boundaries of the 

township. 
i 

The cast and west lines were run due east and west 

from the last interior section corner, and new earners 

established at the intersections with the range lines. 

In case of two sets of corners, the subdivisions were 
made as above, except that the east and west lines 
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were closed on the corners previously established on 
the east boundary, but were run due west from the 
last interior section corner to the range line, and ne«r 
section corners established at the intersection, with the 
range line. 

The method of making but one set of corners, ex- 
cept on the base line and standard parallels, is the one 
now in vogue, and has been sufficiently considered. 



2?0. Restoring Lost Corners. 

Lost comers must be restored, if possible, to their 
exact original position. 

The surveyor should seek to accomplish this, first, 
by the aid of bearing trees, mounds, etc., described in 
the original field notes. 

If the corner can not be located in this way, good 
testimony may be taken. 

It often happens that in retracing lines, the meas- 
urements do not agree with the field notes. When 
such cases occur, from whatever cause, the surveyor 
must establish his corners at intervale proportional to 
those given in the original field notes. 

1. To restore a tost, corner common to jour sections. 

Find the distances between the nearest noted line 
trees or well-defined corners, north and south, and east 
and west of the lost corner. Establish the corner be- 
tween them at a point intercepting distances propor- 
tioned to those given in the original nods. 

2. To rcUorc one of a doutU corner when the other in standing. 

First ascertain to which sections the existing cor- 
ner belongs. Then re-establish the lost corner in the 
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direction and at the distance stated in the original 
notes. Verify the work bj chaining to noted line 
trees or corners, having previously compared JOQX 
Chaining with that of the United States deputy by 
rechaining between corners noted in the original sur- 
vey, and making all distances proportional. 

3. To restore that one of a double corner established in run- 

uing the tencmhip lines when both arc mining. 

Run a straight line between the nearest noted line 
trees or corners on the line, and, at the distance given 
in the notes, establish the corner which will be com- 
mon to two sections north or west of the line. 

Let the accuracy of the result be verified by measur- 
ing to the next section corner west or north. 

4. To restore that one of a >h>t<hle corner cxtahtiKhctl in tnlxU- 

r/'ilimj the tounship when both are mi&ing. 

Retrace the section line which closed on the corner, 
and establish the section post at the intersection with 
the township line. Verify the result by measuring on 
the township lino to noted objects. 

The restored corner will be common to two sections 
south or east of the line. 



5. To restore one of a triple rorner, on n mugr line v-litn 
on< nt Unnf rrmnttix xtm-diiiy. 

The one of the triple corner, established when the 
range lint wa am i> not a section oovner. 

First identify the existing earners, then establish 
the lost corner, according to the field notes, north or 
south uf the existing corner, on the Hue, and verify 
tin: result. 
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If the field notes do not give the distances between 
the triple corners, retrace the section line closing on 
said corner. 

6. To retdore n triple comer wlicn all are last. 

Rechain tho range line, and retrace the section lines 
closing on tho range line. 

7. To rexlnre lattt quarter section corners. 

1st. Except on those section lines which close on 
the north or west boundaries of a township, quarter 
section corners are equidistant between the two section 
corners. Hence, rechnin tho section line, then chain 
back one-half tho distance. 

2d. On township lines, where there may be double 
section corners, only one set of quarter section corners 
are actually marked in the lield — those established 
when the exteriors arc run half-way between the 
section corners established at the same time. These 
are restored as above. 

The same will apply when there are triple corners. 

3d. If the section line closes on the north or wOflt 
boundary of a township, the quarter section corner 
must be established 40 chains of the original measure- 
ment from the last interior section corner. 



8. To restore lost township corners. 

1st. If the corner is common to four townships, re- 
trace the township and range lines, and establish the 
corner at their Intersection. 

2d. If the corner is common only to two townships, 
as may be the case on the base line or standard paral- 
lels, Tetrace the base line or standard parallel from tho 
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last standing comer, if the lost corner is common to 
U*0 townships north; but if tin* lost corner is common 
to two townships south, retrace also tin- range line. 

9. To restore loot meandtr corners. 

Retrace the lines which 'lose upon the hnnks in the 
direction they wen? originally run. 

Fractional section lines closing on Indian boundaries, 
private grunts, etc., should be retraced, and the corners 
established in the same manner. 

Rnivirk. — If, in restoring a lost corner, the original 
corner is found by some unmistakable trace, it must 
■tend, and the resurvey be made to correspond. 



271. Subdividing Sections. 

The United States deputy runs only the exterior or 
notion lines, und makes the section and quarter sec- 
tion corners. 

Lines joining the opposite quarter section comers 
divide the section into quarter sections of ltX) acres 
uoh. 

These quarter sections are di- 
visible into half-quarters of SO 
acres, and these into quarter- 
quarters of 40 norm 

These an- the legal siibdivis- 
ions of a section, and are exhib- 
ited in the annexed diagram. 

If private parties wish the subdivision lines traced 
on the ground, they employ the county survoyor, or a 
private surveyor, who must b>* governed by the section 
and quarter section corners ]>r« viuii.-lv established. 
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The following rules will enable the surveyor to sub- 
divide a section in accordance with the laws of the 
United States: 

1. The original section and quarter section corners 
must stand where they were established by the govern- 
ment surveyor. 

2. The quarter-quarter corners must be established 
equidistant, and on the line between the section and 
quarter section corners of the exterior lines of the sec- 
tion, and equidistant and on the line between quarter 
bb tion corners of internal linos of the Motion. 

3. All subdivision lines must run straight from the 
proper corner in one exterior lino of the section to 
the corresponding corner in the opposite exterior line. 

4. In fractional sections, where no opposite corre- 
sponding corner has been established, the subdivision 
line must be run from the given corner due north and 
south, or east and west, to the exterior boundary of 
said fractional section. 

5. Anomalous sections or sections larger than a mile, 
sometimes close on a previously established line, in 

finishing up a publie -survey. 

Quarter section and section corners are established 
40 chains and 80 chains, respectively, from the previ- 
ously established corners, and posts are planted even 

20 chains of the remaining distance. 

Anomalous sections are subdivided by running 
Straight lines from the corners on the south line to 
the corresponding corners on the north, and east, and 
west lines, the same as in regular sections. 




YARIATWy OF THE NEEDLE. 

VARIATION OF THE NEEDLE. 

272. Definitions and Illustrations* 

The variation of the needle is the angle which the 
magnetic meridian makes with the true meridian. 

The variation is cast or iresf, according as the north 
end of the needle is east or west of the true meridian. 

The variation is different at different places, and it 
does not remain the same at the same place. 

The line of no variation is that line traced through 
those points on the surface of the earth where the 
neodlo points duo north. 

At all planes east of this line, the variation is 
west; and at all places west of this line, the variation 
is east. 

West variation is designated by the sign pint, and 
east variation by the sign minus. 

In the your IS 10, at a point whose latitude is 40° 
r .::\ and longitude SO 13', being a tittle 8, E. ..f Clove- 
land, O., the variation was nothing. The lino of no 
variation passed through this point N. 24° 35' \V.. and 
s j-i° 35* E. 

273. Changes of Variation. 



L Irregular changes. - The needle is subject to rod- 
den changes coincident, in time, with a thunder storm, 
an aurora boreal is, solar change*, etc. 

2. Dinrnal changes. — In the northern hemisphere, 
tin- north end of tin' m-nlli' moTU from 10' to Iff 
Vest from about 8 A. M. fed 2 P. Iff., and then gradu- 
ally return?* to its former position. 
K. N\ 33. 



:m 



, — _.!•* f-TTr— mi ■smnffBi ijfi with 

^n* wanna. i»t!3ff i*>irr rv-.i_*« is nac ix sie- sdubv 

■f_ faw'g 1 ffrgiygk — li a;"if : Ti:iL v iu* amw* ccancvs. 
^i*r* a x aaac? x nmcaiiL. n iit* «au» dagc<i wL 
-t_-. ~ "-f T^i ^c^ieo-iD* r-.r;,a.TT i^nara. & period 

Zz. H- Tzriz'i £&U*f. :J^f =i:Ki *cii -rf toe needle 
TTt* zj-— ^.c -*is: ±":ci -i*f !irl>-« iwocdsd -AeerTa- 
t: -ii '.'_ i.':»:c- ::•: 7?ir 1*1.". s=iM TLiri. s£s« the 
=>:-T~-?-: 1a* :•»« t^ss. x3 lb* n:^. :c as average, 

*A"r zitt sit :.L1 ■wlzc ii":t-s :c TLvf* «£*:; LiSiSade 
ir.-i I;cri:--ir- izl -iri -;:•:. j* :: vis ;- ISfrX aad the 
a*=.z&Z *"ii"r* :c -ir:i::-*-i- frci ->•? i&M-tf prepared 
%r rV.f— *:r L»"»:ci:* : r ;ir -Srti i~i 42i Thames of 

/v-wsr •- - : ' £.* r •" r- r-'-r^. 



A f'olf.t. 40° 53' Wis- ft=i>T _l 4.4 j 

r kv-kr.d, O. 41* 31' *l a 4.V — ■•*!*•" 4\4 j 

Mii/-kifi:.ir. 4-7*51' ^4= 41' — 2*<K 3\9 j 

( 'Ustrl'A v tvjJI^Va. •"'* 5 02' 7-** 3*" - 0° IP' 3.7 I 



A«diirriirif( tlia annual motion uniform, and correctly 
found for IKtO, tli" variation for any subsequent time 
c»ii \h: found by multiplying the annual motion by 
til* numlfr of yean* Minne 1840, and taking the 
uljH»mic. ftiiin of the product and the variation at 
that date, 
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Place* where the Variation wo* West, 



Places. 


Lat. 


fjifK 


For, 


An. Mo. 


Point in Maine. 


48° oa 


WW 


+ 19°8C 


+ 8',s 


Waterville, Me. 


44° 27' 


69* 32' 


12° 30' 




Montreal. 


45° 31' 


73° 35' 


10° 18* 


5'.7 


Burlington, Vt. 


44° 27' 


73° 10" 


9° 27' 


5'.3 


Hanover, N. II. 


43° 42' 


72° 14' 


9° 20* 


6'2 


Cambridge, Mass. 


42° 22' 


71°08' 


9° 12' 


5'. 


Hartford, Conn. 


41° 10 


72° 41' 


6° 58' 


5'. 


Newjrcrt, R. I. 


41° 28' 


7l°21' 


7° 45' 


5'. 


Geneva, N. Y, 


42° 5? 


77° 03' 


4° 18' 


4M 


Weat Poini 


41*27 


74° W 


6° 52' 


•1'. 


New York City. 


40° 43' 


7i° or 


5° 34' 


3'6 


Philadelphia. 


39° .',7' 


75° 11' 


4° Off 


3'.2 


Buffalo, N. Y. 


42° 52' 


79° Off 


1°37' 


4'J 



Plate* >c)»rr the Variation wit i 



J ■ — -1 

IfiV-. 


r,>t. 


Fs>n. 


Kir, 


-l?i. ,1/r». 


Jacksonville, 111. 


39° 43* 


90° 20* 


_ fio 2gf 


I'V. 


St. Louis, Mo. 


38° 37' 


90* 17' 


8° 37' 




Nashville, Tenn. 


3fi° 10" 


M* B3f 


6° 42' 


2'. 


Louisiana. 


29° 40* 


94° 00' 


8°4r 


r.4 


Mobile, Ala, 


30° 42' 


88° 1* 


7°av 


1'4 


Tusvaloosa, Ala. 


BB° l- 


87° 43' 


r a 2« 


r.6 


Columbus, Ga. 


32° 28* 


85° IT 


5° 28 


2'. 


MiNedgeville.O.i. 


-»7' 


83° W 


5° 07' 


2'.4 


Savannah, Ga. 


32° OB* 


81° 12' 


4° Iff 


2'7 


Tallahassee, Fa. 


3d W 


84°2T 


5° Off 


r,s 


Pensaonla, Fa. 


30° 24' 


87° 28' 


5° 58' 


YA 


Loganflport, 1ml. 


40° 4.V 


86° 22 1 


5° 24' 


2'.7 


Cincinnati, 0. 


Off 


84° 27' 


4°4ff 


3/1 
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374. Methods of Ascertaining the Variation, 



First establish a true meridian, which may be done 

1. Ihj msaill of Burt's Solar Compost. 

l _*. Ihj nf^ermtion of (Ad AWA etar, when on the meridian. 

'I'll' north star is about 1° 22' from the true poifi| 
around which it revolves in a sidcrial day, or 23 h., 

HI., 4 B. 

Twice in this period the star will be on the meridian. 

The exact moment of its passage 
ran be determined very nearly, from 
the fact that it reaches the meridian 
at at the same instant as Alioth 
in the tail of the Great Bear, or the 
iir.-t star in the handle of the Dipper. 

Suspend a plumb line a few feet 
in front of the telescope, and place . 

a faint light near the object glass of 
the telescope, bo that the spider lines 
mi:iv be seen. 

Just 17 minutes after the plumb line, the North star, 
and Alioth all fall on the vertical spider line, the North 

.-tar is on the meridian. 

The horizontal limb of the instrument is then firmly 
clamped, and the telescope is turned down horizontally. 

A light, shining through a small aperture in a board, 

at some distance* say ten rods, is moved by an assistant, 
tiding t o signals, till it ranges with the intersection 
of the spider lines. 

A stnlce driven into the ground directly under the 
light, and another directly unoVr the telescope, will 
mark, on the ground, the true meridian. 
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The season of the year may bo such that Alioth 
may be nbove instead of below the North stir, when 
both are on the meridian at night. With the telo-scope, 
the stars can be seen in the day-time. 

3. By the azimuth of the North alar. 

When the North star is furthest from the meridian, 
eoet or west, it is said to be at its greatest eastern or 
westers elongation. 

The azimuth of a star is the angle which a vertical 
plane, through the star, makes with the meridian plane. 

Let us now find the azimuth of the North star at its 
greatest elongation. 

Let 7. be the zenith, V the polo, 8 
tin- North star at its greatest elong- 
ation, ZI\ ZS\ and PS ares of great 
circles. Then ZPS will be a spherical 
triangle, right-Angled at X, and the 
angle Z will be the azimuth, PS the 
greatest elongation, and ZP the com- 
plement of latitude, since the elevation of the pole 
above the horizon is equal to Che latitude. 

Now, from Napier's principles, we have 




sin e = cos I cos (90° — Z). 
sin e 



sin 



Z- 



C03 / 



Introducing R and applying logarithmf, ire have 

log sin Z — 10 -f log sin c — log cos /. 



TIence, the azimuth is readily computed if we know 
the greatest elongation of tho star and the latitude of 
the place. 
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Grmiatt Elongation of Polaris. 



Date. 


■ 


DaU. 


ELmgatioQ. 


1870 


1° 23' 01" 


1880 


1° 19' 50".4 


1890 


1° 16'40".7 


1871 


1° 2*2' 4 I'll 


1&S1 


1° 19' 3l'\4 


1891 


1° Iff 21".8 


1872 


1° 22' '21"',) 


■ 


1° 10' ITJR 


1892 


i° uros" 


is::; 


t'lrw - 


1883 


1° 1S'53".5 


1888 


1° 15' 44* J 


1874 


1°21'44'.S 


18*4 


1° is'34".r> 


1894 


1° 15'25".3 


1876 


1°21"25*'.7 


1885 


1° 18' IP J 


1895 


1° Iff OTA 


1876 


1° 21' 0G".6 


ia% 


1° IT SPA 


1896 


1° 14'47\6 


1-77 


1°20'47".G 1887 


1° 17'37".G 


1897 


1° 14'28".7 


1878 


1° 20* 28 w .5 11888 


1° 17' 18".G 


1898 


1° 14'09".9 


1879 


1° 2tf 09".5 [ 1889 1° 1G'59".7 


1899 


1° 13*51" 



The elongation in the table is given for the 1st of 
January of each year; but the elongation for any month 
of the year can be readily found. 

Thus, let ub find the elongation for May 1st, 1873. 

Jan. 1st, 1873, Elongation = 1° 22' 03" S 
Jan. 1st, 1874, Elongation = 1° 21' 44",8 

Change for 12 months = 19" 

Change for 4 months = 6.3" 

.-. Then, for May 1st, 1873, wc shall have, 

Elongation = 1° 22' 03".8 — 6".3 = 1° 21' 57".5. 

1. Find the azimuth of the North star at its greatest 
elongation, May 1st, 1878— latitude 40°. An*. 1°47\ 

2. Kind the azimuth of the North star at its greatest 
elongation, July 1st, 1875 — latitude 42°. Am. 1° 49f . 

3. Find the azimuth of the North star at its greatest 
elongation, Sept. 21st, 1880— latitude 45° 4.7. 

Am. 1° 54}'. 
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It will l»«. necessary to know t !»• - times of the greatest 
Longaiion, T li> c tim <■.-- arc given in tin- f<>l lowing 
mMqb, far tii-' Lat, nth, uid 21at of eaah mouth of the 
year 1SSO, which will answer tin- purpose for the M0t 
of the century, since the change of timo is very slow 
being only about 16 minutes in 50 years. 

Eastern Elongation. 








Id day. 


Utlt day. 


21* day. 




\|.ril. 

Hay. 

June. 

July. 

August. 
Bept. 


fil, 40m, A.M. 
■Hi.4^11. A.M. 
2h.«na.AJf. 
Oh. 43m, .\M. 
IGbS&B.P.M. 
8h. 86m. P.M. 


6h. 01m. A.M. 
4h.08nx AM 

2h.0hn. A.M. 
Oh. aim. A M 
9b. 60m. P.M. 
7h..J7m. P.M. 


5b. 22m. A.M. 
3h.24nx a m 

Lfa.22m. AM 

llh.L'l.n .P.M. 
9b.19m.P3f, 

7Ii.l7m. P.M. 




11" tei u Eton gat ion. 






Month, 


\M day. 


UrA day. 


■Mr day 

6b. 18m A.M 
8h.llm.A-M. 

lb. 13m A.M. 
llh.OIm. I'M 
9h.08m.P.M 
7h. l3m.P.Bt 




Oct. 
Nov. 
Dec. 
.Ian. 
Feb. 
March. 


6h. 31m. A.M. 
li,.::o 11L A.M. 
2h.81m,A M 
Oh. 28m. A.M. 
[Oh. 32m. P.M. 
8h.3lm.P.M 


5h. 62m. A.M. 

:;i,.:.0m. A.M. 
ih.. 52n ..A.M. 
Ufa. 44m. P.M. 
9h.42tt.RM. 
7h. 52m- P.M. 


1 


About half an hour before the greatest rastern >»i 
western elongation! place the transit in ;i convenient 

]nwition, and level it carefully. 

Paste white paper on a board about one foot square 
and perforate the board through the center with a two- 
iti<h auger, and, on the lower edge, fix some contriv 
ance for holding a candle. 
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Let this board be fixed to a vertical staff, so as to 
slide freely up and down, and let it be placed about 
one foot in front of the telescope, so that the light 
reflected from the paper will render the spider linee 
visible. 

BUde the board up or down the staff till the North 
star is visible through the telescope and orifice in the 
board, and bring the vertical spider line in range with 
the star. 

As the star approaches its greatest elongation, move 
the telescope by a tangent screw, so as to keep the 
vertical line in range with the star. When the star 
reaches its greatest elongation, it will appear, for some 
time, to coincide with the spider line, and then leave 
it in the opposite direction. 

Clamp the horizontal limb, and turn the telescope 
down till it is horizontal. 

Let now a staff, with a light on its upper end, bo 
carried ten or fifteen rods distant, toward the star, and 
placed so as to range, when vertical, with the vertical 
spider line of the telescope. 

Drive a stake at the foot of the staff, and another 
directly under the Instrument, then will the line de- 
termined by the stakes make an angle with the true 
meridian, eu.ua! to the azimuth of the North star. 
The true meridian will lie west or east of the c 
lino of stakes, north of the telescope, according 
as the elongation was east or west, and may 
readily bo located by the instrument. 

The location of the meridian can be verified 
thus: 

Le 
to a 



Let AD be the line of the stakes produced 
to a considerable distance, sny from 20 to -JO 
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(•bains, A the azimuth angle, AC the true meridian, 
und BC perpendicular to AB. 

BC -in be found from the formula, 
BC = AB tan A. 

Theu laying off i?C on the ground, and driving a 
stake at C. the stakes A and T will trace the true 
meridian. 

Having found the true meridian, the variation of 
the needle can be readily determined by turning 
the teletoopfl or the sights of the compass in the 
direction AC. 

Without finding the true meridian, the bearing of 
AB lieiug eijuiil to the known azimuth of (he North 
star at its greatest elongation, the variation of the 
needle eun be found by direct iug the telescoj»e or the 
sights of the compass in the direction AB. 

The following method may be resorted to by the 
surveyor who does not possess an instrument with 
a telescope. 

Fix a plank, firmly level, east and west, about three 
bet above the gn»und; then take a board aboilt six 
inches square, and having detached one of the Com* 
puss rights, fix it to the hoard, ut right angles with 
its upper edge. Drive a nail obliquely a little way 
into the board, so that it can be tacked to the plank. 

About fifteen feet north of the plunk suspend a 
plumb line, from the top of an inclined stake of such 
height tli.it the North star, when seen through the 
Bight while the board rests on the plank, will appear 
about one foot below the upper end of the plumb line. 

Suspend the plumb in a vessel of water to prevent 
the line from vibrating, and lei an assistant hold ;t 
light near it, so that it can be seen through Ihe sight. 
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About half an hour before the tine of the greatest 
elongation of the North star, place the board on the 
plank, and slide ho Hint the star aud plumb line shall 
range when s-.-on tlirough the sight. As the star ap- 
proaches Ifcr* greatest elongation, move the board along 
the plank in the opposite direction, so as to keep the 
range. 

Winn the star reaches its greatest elongation, it will 
appear to keep the range for several minute-, then it 
will move slowly in the opposite direction. 

Tack the board to the plank, taking care not to 
change its position. Then let a staff with a light 
on its top he placed about ten rods farther to the 
north, so as to range, when vertical, through the sight, 
with the plumb line. 

Drive a stake at the foot of the staff, and one di- 
rectly under the plumb line, then will the lino of the 
stakes make, with the meridian, an angle equal to the 
azimuth of the North star at its greatest elongation. 

The true meridian, and the variation of the compass, 

can then be found as alwivc. 



FIELD OPERATIONS. 



275. Finding Corners. 



In searching for a corner, first seek for the monu- 
ment, whether tree, post, stake, or stone, as given and 
witnessed in the original field notes, which, if found, 
inunt be considered decisive in establishing the eorner. 

If no monument can he found, the corner can often 
be found by indirect methods, of which the following 
are the most avuilable: 
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A 


1 







IT 



Thus, if a monument can [» 

be found at each of th« cor- 
ners .1. C, />, but not at JB, 
And the oornera K and /', at 
each nf which set Dp a Sag- 
stafT or high pole, anil send 
tin' Ilag-man as near to H as 
jioasible, and let tiiiu stand 
facing D t so that he can see 
siguuls'made both at A andC 

The observer at A can, by waving his hand, bring 
the li;iu'-in:iu in the line ,'li." and the observer at C 
i tn bring him in the line CF, and being in both lines, 
AE and CF, at the same time, he will be at their in- 
tersection B, the corner required. 

If the corner E can be found, but not F T measure 
.1/; the required distance in the line AE t If the dis- 
tance AB is not known, but it is simply known that 
AB is equal to DC, first measure DC If neither E noi 
F can he found, run AB parallel to DC, and CD parallel 
to DA, and the intersection of these lines will determine 
B, if the field is a parallelogram. 

If the Geld is not a parallelogram, retrace one of the 
lines terminated by known corners, and compare the 
bearing with the bearing in the original notes, which 
will give the variation of the needle. Then run the 
lines AB and CB from the notes, allowing for the vari- 
ation, and the intersection will determine 3. 

In like manner two or more lost corners may be found. 

Tf the bearings and distances are given in the origi- 
nal notes, and but one corner can be found, retrace 
some established line in the neighborhood to find the 
variation, and, beginning at the known corner, run the 
lines from the notes, allowing for the variation. 
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The importance of allowing for the variation may 

be illustrated thus: 

Let the full lines bound the lot. 

If the surveyor should run this lot 
from the original notes, one corner 
being known, the dotted lines would 
mark the boundaries ns run, and their intersections 
the corners, thus encroaching on one side, and leaving 
gaps on the other, which of course would never do. 





876. Finding Bearings aud Distances. 

After finding the corners, set a stake at each, and, 
beginning at any corner, place the compass or transit 
directly over the stake, and send the flag-man to the 
next corner, who must place the flag-staff' on the stale. 

Take the bearing, and measure the distance as here- 
tofore directed; and, in like manner, find the hearings 
and distances of the remaining sides. 

If obstacles should prevent the taking of the bear- 
ing of any line, measure the same distance from each 
corner, at right angles to the line, on the same side, 
so as to secure a line free from obstacles, and take tho 
bearing of this line, which will be the bearing of the 
required line, since they are parallel. 

Lines are measured a little to one side when fences, 
ponds, or other obstaoli B, are in the line. 

Thus, if the perpendiculars 
AC and DD are equal, 
CD = AB. 

AH can he found by Trigo- Kf- 
nometry, if AE and Eli and 
two angles be measured. 
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211. Offsets. 

Offsets arc perpendiculars measured from a lim- to 
the angles of a neij-'hl^rin;: broken line, or to the 
bank* or oenten of creeks, rivers, or other bodies of 
water Thus, a, b. A 
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278. Taking Field Notes. 



first Mftfotl. 



Second M>tlu*l 



9ta. 


Bearing*. 


Did. 


1 


N. 20° E. 


15.50 


2 


E. 


i&oo 


3 


S. l!0° K. 


30.00 


1 


\\. 


26.00 


5 


X :;l'|°W. 


16.00 




KM 




The first method is in the proper form for calcula- 
tion, and may be <-onv« nicntly employed when it ix 
not important to make a map of the lot rarreyed 

The second method, being a random outline with 
bearings and distances indicated, may be employed 
when it is desirable for the surveyor to keep bt 
bin. while at work, an outline of the lot. 



(SUtlouK 



Station D 







SLatlrm B 



Station A 



.T7.00 
42.00 
20.00 
14.00 
13.20 
1O.80 

4.80 

A 
18.40 
17.40 
16.40 
10.60 

\ 
34.00 

30.00 

20.00 

10.40 

7.30 

4.80 

A 

08.00 

69,00 

B5.20 

ia to 

42,00 
B&M 

30.62 
A" 
40.00 
ill.20 
24.00 
17.20 
10.08 

A'' 




Third Mrthod. 

Station A. 
Orchard fcnuo 
Oat field fence 
Meadow fiaico 
8. Bank of Greek 
X. r>;i n k of Creek 
Pasture fence 
S. Bank of River 
3>ft Bank of Klver 
N. Bank of River 
Offset 
Offset 

S. 32°K. Loft Ilnnk of River 
Lefl 1 1: ink or River 
V % Right Bank of River 
N \OHfeot 
Or&et 

OffHetX 
JJ..l.mc'.fItoud 
R 03°E. Right Bank ofltivcr 



RoadKnst 

W U 



| Pond 



Pasture fe.nco-*' 

Cornfield fence 
„-' s 

-'"' "WheaUield Asm 

N. Middle of Turnpike 
J.ot l.ine 
Mi-julnw i'i>neo 
/ Grovo fence 

y 

,' Uooryard fence 

Orchard feneo 
\V. .Middle of Turnpike 



>" 
/V 
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MAP OF FARM 

State 16 H Ca 1 inch. 
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<Hffi 




-» 






i m 






Tunijilht 
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279. Remarks on the Third Method. 

The third method should be employed whenever a 
map, more or less perfect, ia to be made. The notes 
should be placed on a left-hand page of the field book, 
and the map on the right page, facing. 

By referring to the notes and map illustrating this 
hi t hod, it will bo observed that the survey began nt 
A, tho 8. E. corner of the farm, at the middle of tho 
turnpike, and that wo commenced to record tho notes 
at tho bottom of the page. 

This will keep the notes of the objects, at the right 
or left of each line run, in their natural pits it ion on 
the page, at the right or left of the parallel lines in- 
closing the distance from the station at the beginning 
of the line to the objects worthy of record encountered 
in running the line, 

The character A denotes station, at the left of which 
stand* the letter marking its position on the map, und 
at the right the bearing of tho next course. 

A prominent object, such as the chimney of tho 
house, a large tree standing in an open field, may be 
■elected, and its bearings from the principal stations 
be taken. These hearings will serve as checks against 
errors in drawing the map. and may aid in [hiding 
the corners should they be lost. In the present example, 
a chestnut tree on the top of H hill, in the pasture at 
the left of the lane, is selected, and its hearing fmni 
/I, li, and D given. 



280. Surveying Creeks anil Roads. 

1. Greeks may he mm ntkral as described under the 
head of Sunry of lit Public Lands. 
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2. They may also he surveyed by running straight 
lines connecting points on the bank, taking the bear- 
ings of these lines, the distant m from the origin of 
these lines to the jicrpendicular offsets run from the 
lines to the bank of the river, and the length of 
the aflfota, as exhibited in the following field notes 
and plot. 



FUti Nata, 



Plot. 



SuiU«m C 



Bttntoa E 



Btctlon 




a ir e. 




The name of stations and the 
left-hand oflsetfl B?e noted on Tin- 
left of the parallels, the right- 
hand offsets and bearing DO lie- 
right, the distance from the station to the offsets, and 
the sign for station, between the parallels. 

3. In surveying an existing windinjr rood, keep in 
the riKid, run straight lines as far :\< possible, without 
running out of the road, note the tearing of these lin< -. 
the distances to the offsets at different points to I lie 

vides i if the mad, the lengths of these offsets, and make 
an accurate plot of the road. 




4. To survey a new road, find the bearing of the 
middle line from the origin to the next angle or in- 
tersection with another road, measuring the distance 
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from the origin to the lines of farms, creeks, etc., 
which it intersects. 

Set temporary stakc,s at the angles, and at convenient 

distances along the middle line, to guide in making the 
road, and plant monuments at a given distance and 
bearing from the angular points, so that they will not 
be disturbed in making or working the road. Take 
notes, and make a correct plot of the road. 

381. Surveying Towns. 

Commence at the intersection of principal streets, 
take their bearings, measure their lengths, noting the 
distances to the streets and alleys crossed, taking off- 
sets to Corner* of streets and prominent objects, as 
public buildings, etc., till a prominent cross-street is 
reached, which survey in the same manner, changing 
the courses at such stations as will lead back to the 
original station. 

Survey all the streets and alleys enclosed. Then sur- 
vey an adjoining district, and so on, till the entire town 
or city has been surveyed. 

Take, notes, and make an accurate map of the town, 
on which locate not only the streets ami alleys, hut 
public buildings, parks, fountains, monuments, etc. 



282. Reverse Bearing. 

Let AJi be a line run from A to B, AN 
and BS meridians, then will SAB be the 
bearing of AH, and SBA will be the reverse 
bearing. 

Since the meridians .I.V and US may he 
regarded as parallel, the bearing and reverse 
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rearing are equal Thus. If the hearing of AD is 
N. 30° E., the reverie bearing is s. 30 W 

Tht» bearing and reverse bearing agree in the value 
of the angle, and diller in both the- letters which in- 
dicate the general direction of the line. In fact, the 
reverSa bearing of a line is tin- bearing <»f the line if 
run in the opposite direction. Thw. SBA t (he rererfls 
bearing <»f the line AB, run from A to B t is the bear- 
ing of the line BA, ran from B to ,1. 

Of the letters used in bearings, we shall call JV and 
S latitude letters, and J? and If* departure letters. 

To guard against inaccurate observations, and the 
disturbance of the needle occasioned by local attraction, 
the reverse bearing should be taken .it rverv station. 
If the bearing and reverse bearing ngree in value, the 
boaring may be considered as correctly taken; if thejr 
diner materially, both should l>e taken again. If they 
still differ, the difference may be regarded as occasioned 
by local attraction, 

To ascertain at which station the local attraction 
exists, place the instrument at a third station, at a 
considerable distance from each of the doubtful stati 

and sight to each, then from tlu-sc back to the third 
station. The local atlraetion may be considered to exist 
at the station where the bearing of the third station 
disagrees with its bearing taken at the third station 

If the error occurred in the foresight, correct it before 
entering the bearing in the field notes, and bote tin- 
amount of disturbsnoaj if tho error occurred in the 
baekfiight, the next Ibn-sight will lxs affected, and should 
be corrected before entered. 
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PRELIMINARY CALCULATIONS. 




_ 



283. Angles between Courses. 

1. If the latitude letter* are alike, aim the departure letters, 
tie included amgU m equal to the difference of the hearings. 



K AB bears N. 4(P R, and AC 
N 20° E., BAC = BAN— CAN =40° 

-20° -20°. 

If AD bears 3. 40° \V., and AM 
S. 20 9 \V\. DAE = DAS — EAS = 40° 

— 20° = -20°. 



2. 7f fA* latitude titters are alike, and the cfcpflrtUft 

unlike j thi I an git i.< equal la the mini of tin 

If AS beaw N. S8° E. f and jIC 

N. 18° \V., F40 -BAX + NAC=M > 
-f- 18° M*. 

If AD bears S. 38° \Y\, and AE 
B. 18° E., DAE = IMS + &4£ - 38° 
-f 18° - 56°. 

3. Zfjjd ?,tt/twh; I titers are -unlike, awl ths fopCftUTt 
alike, the iurtwkd ■ ^uU to 180° mJMU '/'"■ HWH of 
//»/■ Un rings. 

If .!/>■ bean N. 4"»° E., and AE 

a 80° K., /?.i E isd° - (AM/; | SAB \ 
isu° - 7.-» Q 105°. 

If AD betffl S. 45° \V\, and vir 
N.30° W,,DAC W—(DAB I 1 .1 v, 
- 1S0°- 75° - 105°. 




<i » 
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4. If tht lo'it'i.lr fattffl <"*<' I rtui'C IfttfTt, 

tk included angle. U equal to ISO ttvnvt Ok tliff>i>H>< tf the 
hearing*. 

If AB bears N. 45° E., and AC 
B. B° W., RvtC = 180° — (iY/lB — 
8AC)= 1S0°— 30° = ir»o°. 



If AD bears S. 43° W., and AE 
N. 15° E., DAK = 180° — (SAD — r 
A^-4£) = 180° — 30° - 150°. 




V ft 



Itcmttrk.— These principles apply when both courses 
run from <>v t>nnnil tin- vertex; if one runs from the 
vertex, and the other touxinl it, reverse the bearing of 
one aide before applying the principles. 

2h4. Examples. 

1. Find the angle A, if AB bears N. 7S° E., and AC 

■ E. Aw, 64°. 

2. Find the angle J, if BA bears S. 34° E, ..ml AC 
S. 48° W. Ant. 98°. 

3. Find the angle A, if fi/1 bears S. 70° W., and OA 
N. 25° E. J... 186°. 

4. Find the angles of the polygon ABCDE, if AB 
bean X. 30° E.; BC, N. 60° E. ; C'A S. -50° E.; DK. S 
40° W.; AM, N. 76° W 

.4^72°, B- 150°, C-^110 , Z>=90°, £=118°. 



2S5. Problem. 

f///* i»:tiriiui* of the. mdea of a fichl, (» find th> 
,( th<: f'i<!<! /*/* $mpp0$ld (0 revolve, *<> m to fnwtt one oj 
itlian. 
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In the following diagram let the full lines denote 
the original position of the ridefl "1 the Held, a tlio 
side thut is to become the meridian, and the dotted 
lines the revolved position of the sides. 



a, N\ 30° E. 
b } N. 00° E. 
c, N. 10° E. 

..', EL 45° E. 
e, S. 75° E. 

/. a 

<;, S. 55° W. 
A,S. 20° W. 
i, W. 
./, X. 26° \\\ 

ft, X. .M)° \V. 




ft', N. 
//, X. 30° E. 

•, x. ao° w. 
</\ a 75« E. 

<•'. X. 75° E. 
/ . 8. 30° E. 
9 . S, 26° W. 
//. 8, 10° E. 

f, s. m° \v. 

f N. 55* \V. 

l:\ S. 70° W. 



From the above illustration we derive the following 
principles: 

1. If the letters which indicate the general direction 
of the side which is to be made a meridian arc Inith 
alike or buth unlike those of another side, then, 

Ul. If the bearing of the former i< Lean than that of 
the latter, the difference of the bearings will be the 
bearing of the latter, the letters remaining the same 
U before. 

SkL If the hearing of the former is greater than that 
of the Latter, the difference of the bearings will be the 
hearing of the latter, the departure letter being 
ohanged 

2. If one of the letters which indicate the general 
direction of the Bide which is to be made a m-ri*li:in 
is like and the other unlike the corresponding letter 
of another side, thru. 
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1*. The sum of the bearings, if less than 90°, will 
be the bearing of thai side, the letters remaining the 
,i> as before. 

2d. If the sum of the baartnga is greater than 90°, 
its supplement will be the bearing of that side, tlm 
latitude letter being changed. 

28G. Examples. 

1. The bearings of the sides of a field are as follows: 
[fit, X. 30° E.; 2d, N. 60° E.; U, S. 40° E.; 4th, S. 

80" w. : 5th, \\\; 6th, N. l8j Q w. Fiud the bearings 

of the sides if the second 6ide becomes a meridian, 

Am 1st, X. 30° \V. ; 2d, V; 3d, X. 80° K.; -1th, B. 
30° E.; 5th, S. 30° W.; 6th, N. ;s}° W. 

2. The l*ea rings of the sides of ■ field are as follows: 
let, K -!.V W : 2d, X. 18° E.; 3d, E.; 4th, X. 32° E.; 

5th, 8. 42i° E.; 6th, S : Ttl,, S. M}» W. Find fin- 
beatings if the first side be made ;i meridian. 

Ant lat,N.; 2d, N. 8°B.j 3d, B. 4.1° E. ; 4th, X 77" 
E.; 5th, S. 2}° W.; 6th, B. 4ri° \V , 7th, N. 69J° W 

3. The bearings of the sides of a field are as follows ! 
1st. X W K-; 8d, N. 70° E-; 3d, E.; 4th, 6, 15° E.J 

5th, 8.J 8th, B. 45° W.: 7th. \V. : 8th, N. 8}* W, Find 
the bearings if the sixth side be made a meridian. 

let, N- 2}° \\\; 2d, X. 26° E.; 3d, N. 45 I : 
4th. E.J 5th, S. 45° E.; 6th, B.| 7ttl a B. 45° AW; Ml . 
N. 18J° W. 



287. Latitude and Departure. 

The latitude uf a course is the diatenoe between the 
two parallels <>»" latitude passing tli rough the extremi- 
r the course. 
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The departure of a course is the distance between 
the two meridians passing through the extremities of 
the course. 

Let AB be a course, AD and BC paral- 
lels of latitude, and .-10 and BD meridians. 
Then will AC or DB be the latitude of the 
OOline, and CB or AD its departure. 

But AC = AB X cos CAB, 
and CB = AB X sin CAB. 

Tlence, latitude — course X twin* of bearing, 
and departure -- course X sine of hairing. 

If the line runs due east or west, its latitude is 0. 

If the line runs duo north or south its departure is 0. 

Latitude north is considered plu*; latitude south, minus. 

Departure east is considered film; departure \c> <r. win iw. 

For brevity let us designate the bearing by /;, the 
course by c, the latitude by l t and departure by d, then 
we shall have the cases given in the following article: 



288. Table of Cases. 




Fot-imtfus. 



I — c cos fc, d = c tin /-. 
c - — : , d — I tan 6. 

d 



cos 6 1 
d 



e = -. — 
sin b 

i l 
cos ft — — ? 

c 

. . </ 

sin b = — , 
d 



/ = , 



tan 6 



d = i/««— i*; 



{— l/ c a— d*. 



tan ft — 



T' 



* = W*-|-rf=. 



PREUXISA Tl Y CA tCULA T10X\ 

SS9. Examples. 

1. Given 6 = R. 53° 2Cf E., rind <• =a 26.50 eh. ; required 
I and cf. An*. I = 15.82 eh. X. f d = 21.26 ch. & 



2. Given 6 = 8. 
'jiiired c and rf. 



■5° 47' \V\, and / - 22.04 eh. S. ; re- 
Ans. c =89.75 eh., d = 87 eh. \\*. 



3. Given 6- N. 35° \V., and <f- 1.55 ch.W.; required 
r and /. Aw. c =-- 2.70 ch., I = 2.21 ch. N. 

-4. Given c = 35.35 ch., and * = 31 ch. N. ; required 
b and A 

Am 6= N. 28° 44' E. or W., d = 16.99 ch. E. or \V. 

5. Given c = 31.30 ch., and d = 22.89 ch.W. ; required 
b and I. 

Arte, h = N. or S. 47° W„ and / = 21.35 ch. N. or 8. 

6. Given I = 7.02 eh. S., and d - 7-14 ch.AV. ; required 
b and c. ^iw. 6-8. 45° 29' W., r - 10.01 ch. 



200. Tra\crsf Table. 

The traverse table affords a ready method of finding 
the latitude and departure of a course whoec distance 
and bearing aro given* 

Let ti^ find the / and d of a line whose 6 is N. 35° 
IV K., and c = 47.85 ch. 

t Turning to the traverse table, under 35° 15' we liml 
r = 40 gives I = 32.67, d = 23.09. 
c= 7 gives | = 5.72, d» 4.04. 
e = .K gives / — .6.5, d — .46. 
e= .05 gives 1= .04, </ = n::. 



-. C = 47.85 give* / = 
8. K. 25. 



».08. d = 27.62. 
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The I nnd d for 40 an found fnmi the / ami d of 4, 
as given in the table, by multiplying by 10, or remov- 
ing the decimal jxtint one place to the right. 

The I and d for the distance 7 arc given in the table, 
I nit the right hand figure is dropped, and 1 is curried 
if tho figure dropped exceeds 5. 

The I and d for tho distance .8 are found from tho 
f and d for the distance 8 by removing the decin I 
point one place to the left, rejecting the figures at the 
right of the second decimal place, carrying as above. 

For the distance .05, remove the decimal point two 
places to the left, reject and carry as before. 

If the bearing exceeds 45°, the / and d will bo found 
in columns marked at the bottom of the page. 






'■291. Examples. 

1. Given 6 = K. 2S° 4.V E., and r = 35.35 eh.; required 
l and <l dws. I "0.9ft eh. N, d 17 eh. E. 

2. Given a^S. 3Gj° E., and f= 19.30 ch.; required I 
and <l An*. I 15.51 ch. 8., d = ll.'.O ch. E. 

3. Given b = N. .53° 15' E., r = 11.60 ch.; required 
| and ''. Ana. I = 6.91 ch. N. ( d = 9.20 ch. E. 

4. Given &-=S.7-r •£.,*• = 30.95 ch.; required / and d. 

Am. 1= K'17 ch. S . d 20.83 ch. E. 

5. Given fr = N. S3}- W., r = 37 ch.; required I and d. 

Ar,. I^HOMdt X. d 20.20 ch.W. 

G. Find the / nnd i of tho sides of n lot of which 
tin- following nro the fic-M Dotot: Commencing nt the 
most westerly etatiorij and running thence N. 52° E., 
21.28 ch.; thence S. 29}° E., 8.18 ch.; thence S 2IJ° 
\V , L&86 eh : thence N. 61° W., 14.48 ch., to the point 
of beginning. 



I'HFUViXAi: v i -ma rr.A tjoss. 
The work is written thu«: 
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SUL 


[><</ . 


Did. 


.V £ot 


a Eat 

7.1 1 

13.0G 


K. Dr } , 


WJhp, 


1 

2 
3 

4 


N. 52° E 

S. -2W E. 


MM 

sis 

[5.36 
14.48 


13.10 

7-oa 


11.71 
4.06 


SilS 

I2.fi 



','!>'.!. Bulancin? the Work. 

It is evident that in patting n round a field to tliu 
point of beginning, ire have gone just as for north as 
soaibj and just as far east as west. Hence, the sum 
of the northings should be equal to the stun of the 
southings, and the sum of the eastings to the sum of 
the westings. 

In practice, however, this is seldom the ease, owing 
to the fact that the bearings are taken milv to quarter 
degrees, and that the chaining is not perfectly correct. 

It is not a settled point among surveyors how great 
an error in latitude or departure can be allowed with- 
out rcsurveying the lot. Some would admit an error 
of 1 link for every 10 Chains in the sum of the courses; 
others, 1 link for every 3, chains. Each surveyor must 
settle this point for himself by amttahiing, by expe- 
rience, how nearly he can make hie work balance. 

When an error is as likely to occur in one course 
in another, the errors of latitude and departure are 
distributed among the courses in proportion to their 
Length. 

It will not, in general, \*o necessary to make all the 
proportions, for after making one for latitude and one 
for departure, the remaining corrections can \to made 
by a comparison of distance* 



B9S SVBVETWO. 

Let us tnke example 6 of the last article. 



m 
1 

•1 

3 

4 


Bearing*. 


IHd. 

B1J8 

8.18 
15.36 
14.48 


JEM. 

13.10 

7.0- 


KLat. 

7.11 
13.1)6 


16.77 
4.06 


8.08 

12.07 

9 1 75 


core 


CSL. 


- tea 


CITD. 


N.-V2 C K. 
M»v7. 


13.12 

7.0.1 
20.15 


7.10 
13.05 


1*1.74 
4.06 

80.79 


810 
12.69 






59.30 


•20. 1".' 


80.17 20.83 


20.15 


20.7'.» 



Error in Lat. = 20.17 - 20.12 = .05. 
Error in Dep. = 20.83—20.75 = .08. 

Correction* for Latitude Corrections jot Dcpnrtw*, 



69.30 : 21.28 : : .05 : .02. 
59.30 : 8.18 :: .05: .01. 
50.30 : t5.8a :: .05 : .01. 
59.S0: 14.48 ::.05: .01. 



50.30 : 21.28 : : .OS : .03. 

69.30 : 8.18 :: .OS : .01. 

59.30: IM6 :: .OS : .02. 

50.30 : 14.48 :: .08 : .02. 



Tin' corrections ur<* made to the nearest link or 
hundredth. 

Binee the north latitude is too email, and the south 

latitude too great, add to each north latitude the corre- 
sponding correction, and subtract from the south lati- 
tude. In a similar manner correct the departure. 

If ono side is much more difficult to measure than 
the remaining sides, it is to he presumed that the error 
occurred chiefly in measuring that side, ami the correc- 
tions should be made accordingly. 

If, in taking one bearing, the object could not be 
distinctly seen, the error probably occurred in that 
bearing; then correct mainly in the latitude and de- 
parture of that course. 

In practice it will not ho necessary to make addi- 
tional columns for the corrected latitude and departure, 
Bfnofl they 'nay be written in the same columns, over 
the others with different colored ink. 



Pit EL I MIX A P r CAICVLA TIOSS, 
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293. Examples. 

1. Find the I and rf, and balance the work from the 

following notes: 

1st, R, 341° E.,8.19 ch.; 2d, N. 85° E., 3.84 ch.; 3d, 
S. 6«| E., G\(SO ch.; 4th, S. 34J° \V.. 10.59 ch.; 5th, 
X. 58° \V., 9.00 ch. 

2. Find the I and d, and balance the work from the 
following notes: 

1st, N. 5° E. t 22.50 ch.; 2d, S. 83° E., 12.96 ch.; 3d, 
X. BO 9 E., 19.20 ch.; 4th, S. 32° E. T 32.76 Hi.; 5th. S. 
41° W., 12.60 ch.; Gth, W., 1G.8C ch.; 7th, N. 79° \\\. 
Si.M eh. 

3. Find the balanced I and d of the following: 

1st, N. 30° E, 10 ch.; 2d, N. 60° E, K18 ch.; 3d, 
S. 40° E., 20.10 oh.; 4th. S. 30° W., 24.50 ch.; 5th, W, 
15 ch. ; Gth, X. IS} W. f 19.92 ch. 

•,':»». Double Meridian Distance. 



•The doable meridian distance of a course is double the 
distance of its middle point from a given meridian. 

l.i-t .1/.' be ;i L*ivcn course, iVS the given y 
in- vidian, P the middle point of AB > PQ 
perpondioular to AX 

Then will 2 QP be the double meridian Q; 
distance of AB. 

In the following illustration we shall as- u 

BUttfl that the meridian of reference DAfiO - 
through the must westerly station, which we shall Ball 
the principal station, that departures m*t are /«/»-, and 
vcM, »iinv* % that the lines were run in the direction 



2M 



xunvFYiyo. 




ABCD, so as to keep the field on 
the right. 

The following relations can be 
verified from the diagram: 

1. 2QP = EB. 

2. 2TR = 2QP + EB+FC. 

3. 2VU ^ 2TR + FC + (— GD). 

4. 2XW^2VU+{—OD) 
+ {-IA)=AL 

1. The double merulian distance of the first course is equal 
to ftj tffparturv. 

2. 77* dotdiU meridian distance of ike second court* is 
"jiml (•> thv dotiMe meridian di>ttiurr of the Jir*t course. 

ihr departure of the first course, phu the departure of the 
second course. 

3. The double merid.'.'.u distance of any course is equal to 
{fa double meridian distance of the preceding course, plus the 
departure of that course, plus t'it departun of the given course. 

4. The double meridian distawe „f the last course is equal 
to its departure irifh itn sign changed. 

Take the example of a preceding article, as balanced. 



Sta, 


!!■ 1 1 rings. 


Did. 


NLal 


SLat 


EDcp. 


WDep, 


HMD. 


1 


N.52°E. 


21.28 


13.12 




16.74 




16.74 


2 


S. 29f ° E. 


818 




7.10 


4.05 




37.53 


3 


S.31}°W. 


15.36 




13.05 




8.10 


33.48 


4 


N.61°W. 


14.48 


7-08 






12.69 


12.69 



Dep. of 1st course = 
4- dep. of 1st course = 
-f- dep. of 2d course = 



16.74 = D.M.D. of 1st course. 
16.74 
4.05 
37.o3 =-- P.M. P. of 2d course. 



rniajM/SAi: y caij-ilatiosx. 
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-f dep. of 2d course = 4.05 

41 
f dep. of 3d course = — 8.10 

33.4S - D.M.IK of 3d course. 
-f dep. of 3d course — — SJ^ 

2-V38 
-f dep. of 4th course e= -_- 12.69 

12.69 a: DM.D. of 4th course. 

The principal or most westerly station is not always 
tliv fait station in the field botes. 

It will by observed that the word plan, in the above 
principles and illustration*, is used in the algebraic 

.-<'ij-«\ that fist i]i|.:ir!ui'i- is c<»ii-!«i"r<"l j.'«. ,ind wast 

departure mtAttfj that plus, an east departure, is a plus 
quantity, and plus a west departure a mirnu Quantity; 
and that the double meridian distance of the last OOjBrss 
is equal to its departure with its sign changed, which 
will serve as a verification of the work. 

The first station of the notes, lb the preceding vx? 

ample, is the most westerly, and was therefore taken for 

the principal Station. 

The most westerly station can readily be determined 
by impeding the bcarinps of the courses as given in 
the field notes, and should be taken as the principal 
station, and the corresponding course as the lirst course 
in finding the double meridian distances. 



gfi. Examples. 

1. Given the following field notes: 

let, N. 80° Bq 10 ch. ; 3d, N. 80? E., is.18 oh.) 3d, 

S ■tiPK./Jo.iiiri,,; lth. s. :;«>° \\\, 84JQ 1<n . : ;>th, W., 

15 ch.; 8th, N. 18° 46' W., 19.99 oh, : Required the 
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latitude and departure; balance the work, and find the 
double meridian distances. 

2. Given the following field notes: 

1st, N. 45° W.. 20 ch.; 2d, N. 18° E., 12.25 ch.; M t 
E., 12.80 ch.; 4th, N. 32° E., 6.50 ch.; 5th, S. 42$° K., 
13/20 ch.; 6th, 8., 14.75 ch. ; 7th, S. 05*° W., 16.30 ok : 
Required the corrected latitude and departure, and the 
double meridian distances. 




AREA OF LAND. 
296. Table of Linear Measure. 



Mi. Oh, Rds. 


Yth. FL Lk*. In. 


1 = 80 = 320 = 


1760 = 5280 - 8000 - 63360. 


1 = 4 = 


22 = 66 = 100 = 792. 


1 = 


5J= 16£ = 25 = 198, 




1 = 3 = 4ft = 36. 




i = m= 12. 




1 = 7H 



297. Table of Superficial Measure. 



Mile, Arrrs. 

i = m = 
i = 



Rcjotlfi. Chains. 

2660 = 6400 = 
4 = 10 = 
1= 2J = 

1 = 



Ptrrliat, I.'.l-. 

102400 ---= 6400fKKX). 

160 = 100000. 

40= 2-VNH). 

16 = 10000. 

1 = 825, 



-V ■'■■ 1.— It should ne remembered that in finding the 
area of a tract of land the inn nudities of it? surface are 
not considered, but the tract is treated as a horizontal 
piano. 



AREA OF LAND. 



297 



Xote 2. — The area of n portion of land can, in a preat 
variety of cases, be calculated by the rules already giTOfl 
for .Wniturntion of Plane Surfaces, 



29«. Problem. 

To find the area of a tract of land ichen the length and 
direction of the bounding Une$ are 
given. 

It is evident from the diagram 
that the area of .-[BCD is equal to 
the sum of the trapezoids EBCY 
and YCDH, minus the sum of the 
triangles AEJi and ADU; and 
that twice the sum of the trape- 
zoids, minus twice the sum of 
the triangles, is equal to twice 
ABCD. 

The following tablo will exhibit the general form of 
operation : 




Sb 


Cour. 


Xhit. 


Slot 


DMD. 


Triangle*. 


Tmjicsnid*. 


1 

2 
8 
4 


AB 
BO 

' n 
DA 


AE 

EA 


EY 
YH 


1QP 
277? 

2IV 

aw 


2QPX.AE 

2XWxHA 


'2 77/ ■ /■ ! 
2 IT- \U 



It will bo observed that wo have taken the most 
westerly station for the principal station, and have 
multiplied the double meridian distance of each course 
by its latitude, and that the product is double the 
area of a triangle when the latitude is north, and 
double the area of a trapezoid when the Latitude is 
south. 



20S 
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If wo had taken the most easterly station for the 
principal station, the reverse would be true. 

In tlif above we have supposed that the lines w<-v 
run in such direction as to keep tin loft ;it the right. 

If the lines were run in the opposite direction, bo as 
to keep the lot at the left, the reverse would be true. 

In any case, the sum of the double areas of the trape- 
zoids, minus the sum of the double areas of the tri- 
angles, is equal to double the area required. 

299. Rule. 

Mull /'./ ,1 y the ilovbU meridian dutantr, of each course by its 
fatftadfj placing the jn-oduct in one column when At kUitudu 

U north) and in another rohmui uhtn ///c littiit'ilr is Mint/,, 
mi'] divide the difference "f the Minn of the txco columns by 2, 
Olid Ote quotient will be the area r&jairetl. 

Take the example of a preceding article whoso 
D. M. D.'b have been found. 



-STfl. 


Hearing* 


ZMrf. 

UUS8 
8.18 

15.30 
14.48 


JVM. 
13.12 

7.03 


SJjil. 

7.10 
tS.06 


16.74 

4.05 


wikf. 


DMD. 


Trinnu- 


Tr«i' 


1 

2 
3 
4 


N.52°E. 

&3l|"W. 

N\61°\V. 


8.10 
12.09 


16.74 

37.63 

33.48 
12.50 


219.6288 

89.2107 


266.4631 

436,9146 


i 


Lrea= 1 


9 A. 


2 R. 


36 F 


» 






8O8.830t 


703.3770 



Tria n gfa Trapezoids. 

U.74X 13.12 = 2196288. 37.63 X 7.10^-266.4630. 
Li59X 7.03= 89.2107. 33.48X13.05 = 436.9140. 

Divide double the area by 2, the result 
by 10 to reduce the chains to acres, multi- 
ply the decimal by 4 to reduce to roods, 
•mv\ the next decimal by 40 to reduce to perches. 
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2 )394/>H75 

in i'»7.'ji;v:.- l 

l:'7Jf)>7> 

_4 

2.007oOO 

40 
36,300000 
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300. Plotting. 

Plotting is the process of representing, to a given 
• , the length, direction, an<l r- lutive position of tin- 
bounding lines of & tract of land. 

let Method, — By titom* **f fatUutlca and departures. 

Take the example of the last article. 

Let XS represent the meridian 
passing through the principal 
station A. 

SelMt a scale whose unit shall 
represent 1 ch., and take AE = 
13.12 oh., the lat. of first course. 

Through E draw a line perpen- 
dicular ti> S'S; take EB = 16.74 
rh., the dep. of first course, and 
draw AE. 

Through B draw a meridian, and take BF = 7.10, the 
lat. of second course. 

Throuph F draw a line perpendicular to BF; take 
Ft ' = 4.05 ch., the dep. of second course, and draw BO. 

Through C draw a meridian, and take CG = 13.CW>, the 
lat. of third course. 

Throuph G draw a line perpendicular to CG, and take 
t;[> = 8.10 ch., tho dep. of third courso, and draw CD. 

Through D draw a meridian, and take DI = 7.03 ch., 
the lat. of fourth course. 

Through / draw a line perpendicular to DI; take IA 
12<i',) cli., the dep. of fourth COOTBO, and draw DA* 

Remark 1. — If the departure of fourth course termi- 
nates at .1, the work will be verified. 
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2. It w i 11 1k i observed that N. lat. ia laid off upward, 
S- lat. downward, E. dep. tu the right, and W. dep. to 
the left, 

3. The auxiliary lines can be drawn with a pencil 
and afterward erased. 

4. If every scale in possession of the surveyor should 
make the diagram too large or too small, all the lati- 
tudes and departures can be divided or multiplied liy 
the same number, and the results taken instead (if 
the given latitudes and departures. 

*2d Method. — By means of bearings and distance*. 

Take the same example. 

Let NS represent the meridian 
passing through the principal 
station A. 

With n protractor lay off the 
angle NAB — 52°, the bearing of 
first course, and take AB = 2l.2S 
ch., the first course. 

Through Ii draw a meridian, 
and lay off S'BG - 20J°, the bearing "f second course, 

and take BC — 8.18 eh., the second course. 

Through draw a meridian, and lay ofi" S'f'P _- 31J°, 
the bearing of third course, and take CZ>= 15.36 ch., the 
third eourse. 

Through D draw a meridian, and lay off N'DA 
61°, the bearing of fourth course, and take DA = 14.48 
eh., the fourth course, which will terminate at A if the 
work is correct 

Remark 1. — The latitude? and departure letters indicate 
the general direction of the lines, and the degrees the 
exact direction. 


























an 
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2. Let the examples of the following article be care- 


fully plotted, and the area be found. 




3. By a careful Inspection of the bearing^ 


the most 


westerly station can be found, which take 


fur the 


principal station. 




4. The distances arc all given in chains. 




301. Examples. 






1. 




2. 








S*. 


ft : < tiiya. 


Ditt 




>V 


Bearings. 


JJfc*. 




1 


N. 30° E. 


10. 


1 


N.47° E. 


L5.6« 




2 


N. 60* E. 


18.18 




2 


S. 57° E. 


1066 






3 


s. 40° E. 


20.10 




3 


S. 28, W 


17.07 






4 


S. 30° \\. 


2150 




4 


S. 2'.»i°\V. 


1.11 






5 


w. 


15. 




5 


S. 54° W. 


1.04 






6 


R.lBf°W ( 


10.02 




(J 


N\40J°W. 


15.90 






Aw. 80 A. 1 It. 25 P. 




.4a*. 23 A. R 


38 r. 






3. 




4. 








Sta. 


B<wrii><r. 


Di*t. 




Sta. 


Bearing*. 


061 






1 


N.45 W. 


20. 


1 


N.58° E. 


12.1 '7 




2 


N. 18° E. 


12.25 




2 


S. 27i°E. 


3.30 






3 


E. 


12.80 




3 


a »5j°e. 


L1.66 






4 


N. 32° E. 


6.50 




4 


8. 19° E. 


15.6C 






5 


S. 42*°B. 


taao 




5 


B B6J°W. 


14.03 






6 


8. 


14.7^ 




6 


N. &i° W. 


14.86 






7 


8. 65*° W. 


10.30 




7 


N. 15J°W. 


itas 






An*. 58 A. 3 R. 30 P. 




J 


U 45 A. 2 I 


t. 5 P. 
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5. 



6. 



Sta. 


Bearings. 


Diet. 


1 


N. 20° E. 


12.20 


2 


N. 70° E. 


15.50 


3 


E. 


18.25 


4 


S. 45° E. 


20.00 


5 


S. 


20.00 


6 


S. 45° W. 


20.00 


7 


W. 


18.25 


S 


N. 30J°\V. 


36.66 



Sta. 
1 


Bearings. 


Dist. 


S. 34° E. 


4.56 


2 


S. 66£°\V. 


13.84 


3 


N. 12}°E. 


12.15 


4 


N. 48J°W. 


12.30 


5 


N. 58J°E. 


9.92 


6 


N. 39J°E. 


5.22 


7 


S. 45}°E. 


18.63 


8 


S. 52J°W. 


10.76 



Ans. 188 A. 3 R. 20 P. 



Ans. 32 A. 2 R. 26 P. 



7. 



8. 



Sta. 
1 


Bearings. 


Dint. 


N. 30° E. 


15. 


2 


N. 60° E. 


15. 


3 


E. 


15. 


4 


S. 60° E. 


15. 


5 


S. 30° E. 


16. 


6 


S. 


15. 


7 


S. 30° W. 


15. 


8 


S. 60° W. 


15. 


9 


W. 


15. 


10 


N. 60° W. 


15. 


11 


N. 30° W. 


15. 


12 


N. 


15. 



Sta. 


Bearings. 


Did. 


1 


S. 76A°E. 


6.69 


2 


S. 14}°\V. 


5.96 


3 


S. 38° E. 


9.82 


4 


N. 30i°E. 


8.63 


5 


S. 73J°E. 


9.43 


6 


S. 10j°W. 


15.70 


7 


S. 42i°\V. 


13.06 


8 


N. 64° W. 


11.93 


9 


S. 79J°W. 


10.45 


10 


N. 22A°\V. 


11.60 


11 


N. 37}°E. 


14.37 


12 


N. 22£°E. 


10.79 

i 



Ans. 251.9 A.+ 



Awl 70.14 A.- 
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WL Problem. 

To find the area when nJfWtM ere taken. 

Find the area of the 
tract of land bounded 
by the full lines and 
middle of tin 1 river, ns 
shown in the Annexed 
diagram 

SaVJng run the Bt&r 

tit- n.irv line C2> t we bnre 
the following notes. 






For ABODE 


80. 


iittj*. 


DUL 


1 

2 
3 
4 
5 


V HP E. 

E. 
S. 20° E 

w. 


1">.50 
18.00 
30.00 
25.00 
16.09 





For Off** 


*. 


8b. 

l 


Did, 


Offtds. 


aoo 


2.60 


2 


7X» 


6.00 


3 


1 2 -_>0 


too 


4 


22 25 


7.00 


B 


30.00 


2..V) 



Area = 70 A. 1 R. 83 P. + 14 A.3R.8 P. 86 A. I El 1 P. 

We find, as in the last article, ABODE = 70 A. 
1 K. 53 P. 

To calculate the area included between the stationary 
line CD and the line passing along the middle of the 
river, we find Oi = 7, nft = Cb — Ca =x 12.20 — 7 = 
6.20, eta, which givei the altitudes of Hie trapexoSda 
The parallel sides are given under the hind uf oftefta 

The altitude of a trapezoid multiplied by the num of 
the parallel Bides will pve twice its area. 

The calculation is made as in the subjoined table, 
the letters, & , s. n, (>.. /. /) , ,v. Q. ft T., heading the 
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columns of the table, denoting stations, station dis- 
tances or distances from C, offsets, intercepted distances, 
sum of offsets, and double trapezoids. 



s. 


& D. 


0. 

2.50 


/. a 


S. O. 


D. T. 


1 


0.00 








2 


7.00 


6.00 


7.00 


8.50 


59.501 m 


3 


12.20 


4.00 


5.20 


10.00 


52.0000 


-1 


22.25 


7.00 


10.05 


11.00 


L10.5500 


L_ 


80J to 


2.55 


7.75 


9.55 


74.0125 



An-:., 11 A. 3 R. S P. 



2) 2 96.0625 
10)148.03125 



3.21 2500 
40 



R600000 

If the offsets fall within the stationary line, the Sam 
of the trapezoids must be subtracted. 

In general, if the lines are run so as to keep the field 
00 the right, the sum of the trapezoids must be added 
in case of left-hand offsets, and subtracted in case of 
right-hand offsets. 

In ease of navigable rivers, the bank is, in genernl 9 
the boandftfy — the first and last offsets become 0, and 
the first and last trapezoids become triangles, but the 
form of the computation is the same. 



:"*<>:*. Examples. 

1. Find the area of the lot of which the following 
are the field notes, and make a plot of the survey. 
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Rectilinear Arm. 


__ i 


R.H. Offset*** 






Bearing*. 


DUl. 


ftJNtt 

0.00 


Ofikb. 


SLDiA 


Offset*. 


1 


N. 45° E. 


10.00 


LOO 


0.00 


1.10 




2 


N. 


10.00 


6.50 


4.25 




4.00 






3 


N. 45° E. 


10.00 


12.50 


2.43 


V2JV2 


5.27 






4 


E. 


10.00 


two 


5.17 


17.07 


1.13 






5* 


S. 


31.21 


26.21 


5.83 










6** 


\v. 


17.07 


31.21 


1.25 










7 


N. 45° AV. 


10.00 














36.774716 A. + 12.17075 A.- G.101G0 A.- 61 A. 8 It. US P 




The left-hand offsets were made from the fifth course, 


as Indicated by the single star; and the ripht-haud 


ts from the sixth course, as indicated by the 


double atar. 


2. Find the area of the lot of which the following 




ire the field notes, and make a plot of the purvey. 






Rectilinear Arm. 


LIL QffbU* 


RJI.Offxt*.** 




Sin. 


Bearings. 


Dirt. 


St.Di*. 
000 


Off*!*. 


st.DkL 


Off*t*. 


1 


N. 30* E. 


20. 


0.0TI 


0.00 


aoo 




2 


E. 


20. 


6.00 


3.00 


6.00 


4.00 






3* 


8. 30° B. 


20. 


10.00 


2.00. 


14.00 


100 






4** 


8. 30° \V. 


20. 


15.00 


3.-50 


20.00 


OuOO 






■ r > 


W. 


2ft 


20.00 


0.U0 










6 


N. 80° W. 


9a 












• 


4m 102 A. 1 R. 36 P. 




8. N. 26. 
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3W. PogiiftVi Method of Finding the Are*. 

This method is illustrated by the following example: 



N\ 20° 
N. 43° 

a 70° 

S. 40° 
S. 65° 
8. 42° 
S-, 
S. 70° 



E., 24.50 ch. 
E., 22.40 eh. 
E., 25.50 ch. 
W ., 16.58 ch. 
E., 35.10 ch. 
W., 13.50 ch. 
14.20 ch. 
W, !&lfi ch. 
\V.. i4M ch. 




Make a plot from the field notes, draw meridians 
through the most easterly and westerly stations, and 
parallels of latitude through the most northerly and 
southerly, thus enclosing the whole figure in a rect- 
angle. 

Find, from the traverse table, the latitudes and de- 
partures ns in diagram. 

To find zy> pass from the most westerly station, round 
the north, to the most easterly, taking the sum of (he 
eastings minus the sum of the westings; and to find 
-i<\ pass from the most easterly station, round the south, 
to the most westerly, taking the sum of the westing 
minus the sum of the eastings, thus: 

xy = 8.38 + 15.27 + 23.06 — 10.GG + 22.75 = 59.70 
iw = 9.03 + 30.21 + 20.44 = 59.08 

2)119.38 



h (xy + tw) — the average base — 59.69 

To find irx, pass from the most southerly station, round 
the west, to the most northerly, taking the sum of the 
northings minus the sum of the southings; and to find 
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K0 



i/T, pass from the most northerly station, round tli it. 
to the most southerly, taking the sum of tin- j-outhings 
miBIM the sum of the northings, thus: 

irx=27.86-i 23.02 Ki.38 = ft -•■ 

./= = 8.72 : 12.70+ 10.60+ 10.^3 + 14.20+ 10.99 = WjH 

J (»cr + #z) = the average altitude = 67<S6 
Area of rectangle = 50.(59 x 67.25 =4014 L525. 

from the area of the rectangle we mupt dedufit the 
area included between trj-t/- and aMtfrjhi, thus found. 



,. 23.02 X 8.38 
" f 'J = 2 

8.38 + S.3S + 15.27 



IrjZC = 



<*</ = 



M - - 



23 96. &72 



12.70 • W.fiG 



2 



= M4A8 
X 16.38 i- 308 

= 104.46VS6 
= 67.0910 



k,,,nl - f.S.72 + 12.70) (22.75 - 10.00 1 tBS&SIB 
^ 22.75x10.60 ^ |2|( . (7 . ((} 

>/|g= 10.03 +14^0 + 14.20 x aWfis17ulI4 



ha J 



9.03+ 9.03 +30.21 



HM 



20.44 < 27-86 



10.99 2*m.24:MJ 
=- 284.72! 13 



abcdefghi^ 4014.1525 sq. eh.— IR33.9631 Fq.ch. 

= 2380.1^4 K), ch. - 238.02 A. 

For additional exercises, work the examples Of arti- 
cles 301 and 303, and compare tho answers uUuiucd by 
the two methods. 



MM 



SUnVJEYlXG. 



SUPPLYING OMISSIONS. 



305. Case I- 

Whtn tht bearing and length of one aide arc Wanting. 

The wanting side must be such that its latitude and 
departure will make the work balance. Hence, its lati- 
tude must be the difference between the sum of the 
northings and the sum of the southings of the given 
sides, and of the name name as the less; and its de- 
I>urture must be the difference between the sum of the 
eastings and the sum of the westings of the given sides, 
and of the same name as the less. 

Having found the latitude and departure of the 
wanting side, construct a right-angle triangle by draw- 
ing on the paper, to represent the latitude, a line, dp 
or down, according as the latitude is north or south; 
nod at the terminus of the line, draw, to represent the 
departure, a horizontal line, to tho right or left, accord- 
ing as the departure is cast or west, and join the ori- 
gin of the line representing the latitude with the ter- 
minus of the line representing Die departure, and this 
last line will be the hypotenuse which will represent 
the course or length of the line sought, and the angle 
which it makes with the vertical line will he the 
bearing. 

Denote the latitude by I, the departure 
by d, the course by c, and the bearing by b t 
then we have, 



(1) c-l J*+«l«. (2) 



tan b — -. • 




Having found the bearing and distance, enter them 
in the notes and find the Area, 



svppiYim oMtsstoys. 
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::<Mi. Examples. 

Supply the omissions in the following field notes, 
calculate the areas, and plot the surveys. 



L 



I 



Sin. 

1 
2 
3 
4 
5 


Jiatring*. 


MA 


N. IS° E. 
N. 71° E. 
ft 4IPB. 

9 :^i°W. 
\ W 1 1 1 1 i 1 1 -_r 


&2S 

8.33 
12.37 

1G.O0 

\\\mt*g. 



Sta. 


Bearing* 


DiM. 


1 
2 
3 
4 
5 


N.24° W. 
N. 31° E. 

E. 
Wanting. 
S. 58* W. 


I&GO 

17.07 
20. 
Went'g. 

30.30 






/N 

h ■ i 21 



X. !.i° W., 14 18cb. 
28 A. 3 R. 32 T. 



fa 12i°K, 12.13 eh. 
An *' 156 A. 3 11 OP. 



307. Case U. 
H'Arn the length* of hm id/lot tire wanting. 

BoYolve the field so that ono of the sides whose 
hearing only is given shall become a meridian, and 
find, by article 285, the hearings of all the sides in 
their new position. 

The departure <»f the side made a meridian will 
then be 0, and tfw difference of the sums of the 
columns of the departures will be the departure, in 
tin* new position, of the other side whose distance is 
wanting. 

Knowing the bearing and departure of this side, we 
can find its distance and latitude. Then the differ- 
ence between the BUlDfl of the columns of latitudes 
will be the length of the side made a meridian. 

Revolve the field to its original position, calculate 
its area, and make :i plot of it; or, if the area only 
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is required after supplying omissions, it may be corn- 
puled more readily witliuut revolving the field to its 
original position. 

308. Examples. 
L 2. 



St* 


ficari 'n *■/■■*. 


JXst. 


1 


N.30° E. 


10.00 


•2 


N.60* K. 


18.18 


8 


ft 40° E. 


Wantfg, 


4 


ft. SO W. 


Wuit%. 


S 


W. 


15.00 


6 


H.18f°W. 


19.02 



r3d. 20.08 ch. 
h ,..-' 4th. 24.52 ch. 
1 80 A. 1 R. 25 P. 



St a. 


lit trtixp. 


Did. 


1 


N.47° E. 


i5.es 


2 


S. 57° IB. 


10.55 


» 


s. :>\°\\. 


Wanfg. 


4 


8. 29f e W. 


1.11 


5 


8. 54° w. 


1.04 


6 

• 


N\40*°\\\ 


V7«nt'g. 



) 3d. VtM <■!,. 
Ant, < 8th. 16.01 ch. 
(.23 A. 1 R. 14 P. 



309. Case m. 

When the bearing* of two afrfa art wanting. 

Tf the sides whose hearings are wanting are separated 
from each other by one or more intervening sides, sup- 
pose one of these sides and a side adjacent to the other 
to change places, so as to bring the sides under con- 
sideration together without changing the bearings or 
lengths of the sides transposed. 

Then, throwing these *ides out of consideration, 
find, by Can T, the hearing and Length r»f the linn 
joining the extremities of the sides whose tarings 
an- wanting. 

This line with those sides form a triangle whose sides 
ftTC known, from which the angles can be computed. 

Knowing the angles and the bearing of one side, 
the bearings of the other sules can be found. 
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Restore to their original posftton the sides which 

nave changed places, if nuih is the fact, calculate the 
and make a plot of the field 



310. Examples. 



l. 



Sta. 

1 


fagt. 


DM, 


N.45° \V. 


20.00 


2 


N. 18° E. 


12.25 


3 


E. 


12.80 


4 


N. 82° B. 


&50 


5 


B. -J2J°E. 


13.20 


6 


Wanting. 


14.75 


7 


Wanting. 


16.30 



Sta. 


B Hf-fo^K, 


Dirt. 


1 


N.fi8° E. 


12.97 


2 


8. 27J°E. 


3.30 


3 


S. ^°E. 


11. (S5 


4 


ft 19° E. 


\&M 


5 


Wanting. 


14.03 


G 


N. i;»° w. 


14.86 


7 


Wanting. 


11.23 






j 6th. S. 
AntAlth. B. 65}° W. 
l59 A. 



<5th. S. 6W \V. 

4na J 7tl. N. IB}* W. 

(45 A. 2R. 5 P. 



311. 4Jase IT. 

When the bearing cj one m\e and the length of another are 

Revolve the field Bo that the side whose hearing only 
is given shall become a meridian. 

The departure of this side will then be 0, and (he 
difference of the sums of the columns of departures 
will bo the departure, in its new position, of the ride 
whose bearing is wanting. 

Knowing the length and departure of this side, its 
bearing and latitude can be found. 

Then Che difference of the sums of the columns of lati- 
tudes will he the length of the side made a meridian, 

Revolve the field to its original position, compute 
the area and plot the work. 



312 



SURVEYiyG. 



lit murk 1. — In finding the bearing of the side whose 
distance only is given, though the angle can be readily 
found, the bearing, and consequently the latitude, may 
be either north or south, since either will comply with 
the condition. The length of the side whose bearing 
only is given will therefore be ambiguous, and there 
will be two solutions to the problem. If but one 
solution is admissible, the omission should be supplied 
by a remeasurement ; and if the lost bearing or dis- 
tance can not be taken directly, auxiliary lines may 
bo run, and the omissions supplied by Trigonometry. 

2. From the fact that two omissions can be supplied, 
the surveyor should not deem it unimportant to find 
all the measurements on the ground, since thus ho 
can ascertain the correctness of his notes by balan- 
cing his work — a test not applicable when OmlBBJons 
are supplied. 



312. Examples. 



Stn. 

1 


Bearing*. 


DuL 


X. 20° E. 


12.20 


2 


N. 70° E. 


15.50 


" 


E. 


18.26 


4 


S. 45° E. 


20.00 


5 


S. 


20.00 


6 


Wanting. 


20.00 


7 


W. 


Want's. 


8 


K, 30f°W. 


3G.66 




rf>th. S. I-" W. 
An$.\ 7th. 18.25. 

I 188 A. 3 It. 20 P. 



■2. 



9b. 

1 
2 
3 
4 
5 
6 
7 
8 



n 



tsannos. 



S. 34° E. 
S. 66J°W. 
X. 12j° E. 
Wanting, 

N. 5S|°E. 
N. 39J°E. 
B, 45J E. 

a r>2\°\Y. 



Ih ,.'. 



156 
13.84 
12.15 
L2.8Q 

9.92 
5.22 
Want'g. 
107fi 



| 4th. N. 48£° W, 
.!„.<. ■ 7th. 18.63. 

I 32 A. 2 R. 26 P. 
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LAYING OUT LAND. 

•113. Laying out Squares. 

To lay cnti a given quantity of land fa the jurm of a \ 

Let a be the area of the square, and r one side. 

Tlit'ii, i 3 as n, ,' . z =- \ ti. 

h'nhin- t;.. trn to ^varr cAoMM, extract the eqxiarc 

and tfie result will be the length of one side. 

With tin: chain and transit lay out the square an the 
gnxmd. 

Examples. 

1. Lay nut 12 A. 3 R. 20 P. in tin- form of a square. 

2. Find the side of a square containing 1 A., and 
lay out the square on the ground. 



3H. Laying ont Rectangles. 

1. To lay out a given qitmitili/ of (and fa the form of a 
rKtangUt one $Ui >f which w given. 

Let a be the area of the rectangle, b the given side, 
and x an adjacent side. 

Then, hx a, 



a 

r i 



2. To lay ovt a given quantity of land in the form of A 
rvctangU whoee Ungtii & to U$ brm&h fa a g&wn ratio, 

I,-t -I denote Ihfl area of the rectangle, r its length, 
/ it- breadth, and m ; n tho ratio of x to //. 



f n — n - 
Then,"! ' 

» i x i y ; : m : n. 



}••• 



/firrt 

Ian 



P. N. 27. 
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3. To lay out a given quantity "f favd hi the farm of a 
nctantfte when the num. of its length and hrmdth U (riven. 

Let a be the area of the rectangle, x the length, 
y the breadth, and a the sum of x and y. 

Then,/ 1 + *-*•[ .-. \'-i< + iS£E*E 
I *y a.) [ , /== J*_AkV — 4-/. 

4. To toy ouf a flitwn. quantity of land in the form of a rect- 
angle when the different^ of the length and breadth w given. 

Let a denote the area of the rectangle, x its length, 
y its breadth, and d the difference of x and y. 



en? I xy — aA \y = 






315. Examples. 

1. The area of a rectangle is 3 A., one side is 4 ch. 
Find an adjacent side and lay out the rectangle. 

2. The area of a rectangle is 8 A.; the length is to 
the breadth as 3 is to 2. Find the sides and lay out 
the rectangle. Am. 10.05 ch. and 7.30 oh, 

3. The area of a rectangle is 4.8 A.; the Bum of the 
length and breadth is 14 ch. Find the sides and lay 
out the rectangle. Am. 8 ch. and 6 eh, 

4. The area of a rectangle is IS A.; (he difference 
of the length and breadth is 3 oh. Find the sides and 
lay out the rectangle Ann. lfi ch. and 12 eh. 



316. Laying ont Parallelograms. 

1. To lay nut ,i ipreu quantity of hind in Uu: farm of a 
jtnrattrtnfjrnw irhrv thr h\*f h given. 
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Let a be the area, l> the base, and % the altitude. 
Then hx = a, 



a 



Measure the base, from any point of which erect a 
perpendicular equal to the calculated altitude. 

Through the extremity of the perpendicular run a 
line parallel to the base, any jioint of which may be 
taken for one extremity of the upper base, which may 
then be measured off on this line. 

2. When one ride and tut ndjnrntt antfU art' ffjfflfl. 

Let a be the area, h the given side, A the given angle, 
and j: the other side adjacent to this angle. 

rt 



Then bx sin A = a, . ' . x — 



b sin A 



3. When tiro adjacent side* are given. 

Lei a be the area, b and c the given sides, and x their 
included angle. 

Then be sin i^fl, . * . sin x 






Remark.— If he = o, then sin ar = 1, *= 90°, and the 
parallelogram becomes a rectangle. 

If he < a, the solution is impossible. 



317. Examples. 

1. The area of a parallelogram is C A., the base is 
6 ch. Find the altitude and lay out the land. 

2. The area of a parallelogram It 1- A., one ride is 

12 ch., and an adjacent Anglo ifl KP, Pind ti thet 

Bide adjacent to the given angle and lay Ottl &« land. 



31 fi svi;vt:rr\a. ■ 

X. The area of a paralldognin is ft A,, two adjacent 

sidrs are H rh. unci 12 ch. Find their included auglo 
and lay out the Land. 

318. Laying out Triangles. 

1. Tn lay out a given quantity nf land in the form of 

a triangle when the Ikix it given. 

Let a denote the area, b the base, and x the altitude. 

Then, fcbx = a t .". r " - 

Measure the base, at any point of which erect a per- 
jm mlicular equal to the calculated altitude. 

Through the extremity of this perpendicular draw 
;i line parallel to the base. This parallel will be the 
fa ib of the vertex, any point of which may be takcu 
for the vertex. 

2, When the Ixite is to the altitude in a given ratio, 

Let a denote the area, x the base, y the altitude, and 
vi ; n the ratio of the base to the altitude. 



Then,! 4 '* "• \ ... 

[x ; y : : m ; n. i 



3. When the triangle in equilateral. 

Let a denote the area and x one ffidc. 

Then, .4330127 * = „, .-. ^V^27" 

■1. When tnic suit ami un tutyacrnt ani/h are tn'em. 

Let n denote the area. 6 the given eidc, x the adja- 
cent side, and A the included angle 

Then, Jfor tin A a, , *. »== 




b sin A 
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5. ]l7;r,) too aidct art given. 

Let n denote the area, b and c the given sides, and 
j thrir included angle. 

Then, ibc sin x = n, .". sin x= ~ 

319. Examples. 

1. The area of a triangle is 3 A., the base is 5 eh. 
Find the altitude and lay out the triangle on the 

;iid. 

2. The area of a triangle is 12 A., the base is to the 
altitude as 3 is to 2. Find the base and altitude and 
lay out the triangle on the ground. 

3. The area of an equilateral triangle is 1 A. Find 
a side and lay out the triangle. 

4. The area of a triangle is 1.2 A., one Bide is 2 ch., 
an adjacent angle is 45°. Find the other side adjacent 
to the given angle and lay out the land. 

6. The area of a triangle is 2 A., two sides are 6 ch. 
and 10 ch. Find the included angle and lay out the 

triangle. 



520. Laying ont Circles or Regular Polygons. 

1. Let ft be the area of the circle, and x the radius. 

Then, 3.1416 r' = a, .". z = yjj^^- 

2. Let a be the area of a regular polygon, x one side, 
y one angle, » the number »l* ndes, and a' the area 
of a .similar polygon whose side is 1. Article 167. 

m, [a 180°<n-2) 
Then, ax 2 = a, .-. x = */_ -- y = -• 
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321. Examples. 

1. Find the radius of a circle whose area is 1 A. 
and lay out the circle. 

2. Fiud the sides and angles of a regular hexagon 
containing t A. and lay out the hexagon. 

3. Find the sides and angles of a regular octagon 
coutaiuing I A. and lay out the octagon. 



DIVIDING LAND. 
333. Division of Rectangles or Parallelograms. 

1. To cut off a given area by a tine parallel to a given aide. 

Let a be the area, 6 the given side, x the distance 
to be cut off on the sides adjacent to b, and A the 
acute angle of the parallelogram. 

For the rectangle, hx = a, .• . x = — • 

For the parallelogram, far sin A = a t .• . x = y—. — ?. 
r ° ft sin A 

2. When the lot is to be divided into parts having a ijivni 
ratio, by tints parallel to ttno of tht sides, divide the other 
tides into parts having the mine ratio. 



333. Examples. 

t. The sides of a rectangle are 15 ch. and 10 ch.; cut 
off 8 A. by a line parallel to the shorter sides. 

2. The adjacent sides of a parallelogram are 12 ch. 
and 20 ch., and their included angle is 05°; cut ofF 10 
A. by a line parallel to the shorter sides. 

3. A man willed that his farm, which was 1 mile 
long and J mile wide, be divided among his three 
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sons, A, B, and <\ aged 21 yrs.. IS yrs.. 15 yrs., respect- 
ively, in proportion to their ages, by liars |>aralli*l to 
the shorter .side*. Make tlit- dhiMOOft. 



:M4. IM v Mon of Triangles. 

1. To find a point on a given side of a triamgk from 
which a li'ir drawn to (In vertex of the pjppotUe angle ivill 
divide tfie triangle into parttt having a given ratio. 

Let b = AC, the given si<l< : 

D, the required point; x = AD, 

and ABD : DBC ; : m : «. 



By composition we have, 

ABC : ABD : : n-f n : m; but ABC : ABD : : b : x. 

hut 



Hence, m + n : m : : 6 : a:, 



* = 



m + n 



2. 7\co wtfoa of a triangft living given, to ditidr. the 
triangle it\tu ]*trt? having •( tjivu ratio by a line )>arallcl 
to the third side. 

Let a = BC, h = AC, the given sides; ^ 

x — CE, !/ — ''/>, a^— 

and DEC : ABED : : m : «. 

By composition we have, 

ABC : DEC :: m + n : »i / 
but ylfiC : DEC : : a* : s' :: &* : y 3 . 



Hence 



( m -f- n : m :: a 1 : js 3 . I 
1 Im+n : i» :: 6 3 : y\i ' 




m+ n 



Tf, for example, the triangle la to he divided into three 
equal parts by lines parallel to the third sale, then, 
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8. To divide a triangle into two equal parts by lines 
liny from a point within. n 

Let ABC be the given triangle, 
and P the given point. 

Run a line from P to the vertex 
A t and another from P to D, the middle point of the 
opposite aide BC. Run DE [larallel to PA, ami run /'/,'. 
PD and PE will be the dividing lines, and CDPE will 
he i ABC. 

For, draw the line AI\ then we have, 

CDPE - CZ>£ + PED, and ^ CD - CDE + 4Z;D. 

But />£/>= -4£X>, ..CDPE = ACIl 

But ^iC/) = £ ^CB, . • . CDPE = i I GR 

9. Through >< given point, within a given triangle, to draw 
a tins which tiholl ciU off a triangle having a given ratio to 
tfie given triangle. 

Let ABC be the given triangle; 
a, /», r, the sides opposite the 
angles A, B, C, respectively; D 
the point given by knowing p = 
AF-ED, parallel to AC; q = - * 
J A' - FA parallel to AB; x = AH, y b= ^G, and 
Jf.7/ : -4BC:: m : n. Then, 




ji 



»:y:: x — p : 7. 

/v : l*f : : m : n. 



hrmz£\ b 2 c 2 vx 7 — Afmnnjtq 
2 being 



y = 7 



Remark. — If either x > h or y > r, the line cuts off 
the triangle from another angle; and the distances cut 
nfl' from the vertex of this angle can he found in a 
manner similar to (he above. 
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10. To find a yu>ii<t within t, 
(tnen tlrrwui '<> itu rertirex irifl 
three ftjtutl tn'<i >t gleg. 



triangle from whirl the 
dinuU the trin 




Let ABC be the triangle. Take 
AD = $AB, CE = $CB t and draw 
DE. Take BF = J BA % CG = J CA y 
and draw FQ, 

P, the intersection of these lines, 
will be the point required. 

For AD : AB : : altitude of APC : altitude ^5C. 
But AD — $AB 7 .-. altitude APC = § altitude -4BC. 

.'. APC = $ ABC. 
In like manner, 5/»C a= $ ABC 

Remark. — It APC BPC t and ^PB are to be to each 

F 



other as p, q t r, take i4D = 
of CB, BF= 



P + 1 + r 



of AB, CE = 



otBA t CG = 



P + 9 + * P + q + r J> + 9 + r 

of CA, and draw D£ and FG, their intersection will be 

the point required. 

325. Examples. 

1. One side of a triangle is 15 ch.; from what point 
in this side must a line be drawn to the vertex of the 
opposite angle so as to divide the triangle into two 
triangles which are to each other as 2 to 3? 

Am. 6 ch. from one extremity. 

2. Two sides of a triangle are 10 ch. and 15 eh., 
respectively; find the distance from the vertex of the 
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angle included by three sides, oat off on each of these 
sides by a lino parallel to the third side, dividing fcbe 

triangle into a triangle and a trapezoid, so that the 
triangle cut off shall be to the trapezoid as 9 to lti. 

. I..-, (.i oh- and 9 eh. 

3. Two sides of a triangle are 4 ch. and 9 ch., re- 
spectively; find the distance from the vertex cut off 
on each of these aides by a line cutting off an isos- 
celes triangle which shall be to the given triangle as 
16 to 25. Am. 4.80 <h. 

4. Two sides of a triangle are 7 ch. and 9 ch., re- 
spectively. From a point in one side, 5 ch, (mm the 
vertex of the angle included by these sides, a line is 
run to the other given side, cutting off a triangle 
which is to the given triangle as 5 to 9. Bow Ear 
from the same vertex does this line intersect that side? 

- lr -. 7 Ch. 

b. The sides of a triangle, ABC, are a = 6 ch., 
6 = 12 ch., and c = 9 ch. From the middle point of 
b two linos are run, dividing the triangle into three 
equal parts. To what points of what sides must tho 
lines be run? 

Am. To c, 6 ch. from A, and to a, 4 eh. from C. 

6. The sides of a triangle, A BC } are a = 10 ch., h = 
12 ch., and r — 4 ch. From a point in o, 3 eh. from 
A, two lines are run, dividing the triangle into three 
equal pacta. To what points of what side must these 
tinea be run? 

Am. To a, 8.89 ch. from C, and to «, 4.44 ch. from C. 

7. The sides of a triangle, ABC, arc a = 5 ch., b = 
18 ch., and c — 15 ch. From n point in fc, 12 ch. from 
A, two lines are run, dividing the triangle into three 
etjual parts. To what pointu must these lines be run? 

Am. To r, 7.50 eh. from -1, and to B. 
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8. In thp triwglc A I »da ^B runs N. 60° E., 

^Craaa B MJ nmn ng S 10° W , intersocta tl 

linefl in D ami rV. and cms off ADE = 10 A Rwjnii.il 
.l/' .n.i ^K ^n». .4.0= 16..W. X£ ISM 

y. In the Oth general problem of the last article, 
b LO « lu, c IS I h., m - 1, i* -= 4, p - 2 ch., g 
3 ch. Find x and y. ^jm. x - 7.J1 eh., y =^4.14 ob. 




826. Division of Trapezoids. 
l. f.'/r/M r/tf bam and " AM wkti tf a t mp mo ia \ t'> oYvfcb 

it into jxirtx having a tjtivn ratio bva tine. jmrnlM (0 (A ' ■ 

Let ABCD be the trapezoid, h—.\i: 
b'=CD, * — -ID, r -*1A; y - AT, the 
dividing line, parallel to the boooo, 
and ABFE : EFCD : : m : n. 

Produce JD and £C to G. 

J;47W? : HCG :: o a : ft*". 
Then, J g^g . Dra . . y3 . yj 



Tli.se proportions taken by division give, 
ABCD : DCG : : M — ft' 8 : BT» t 
fiFWD : D0Q :: ?/' - h"> : //*. 

Since the consequents arc the panic, we have, 
ABCD : JErW : i *■ &' a I 3/ a — &' 3 . 

This proportion taken by division gives, 

ABFE : EFCD : : A» - y* : y 3 — *'*, 
But .1/tf/; : A7T7) ;;ni «. 
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326 SURVEYING. 

Drawing DH parallel to BC, we have, 

AH: EI:: AD: ED, 
or 6 — b' : y — b' ::«:* — x, . • . x= ■ ,, (6 — y). 

x = 



6 — 



,, /6 a n 4- 6 ,J m. 



2. Given a side and two adjacent angles of a tract of land, 
to cut off a trapezoid of a given area by a line parallel to 

the given side. 

1st. When the sum of the two angles 
< 180°. 

Let a n ABCD = the area cut off, 
6 = AB the given side, % = AD, y — BC, 
z = DC, E= 180° —(A + B). 

(1) Area ABE= £ EB X EA sin E. 

sin E:e\nA::b:EB t ,\ gg= 6 ? in / 
* sin £ 

6 sin 7? 




sin £:sin B::b: EA, .'. EA = 



sin /' 



Substituting the values of EB and EA in (1), we have, 

(2) ABE^ b * B l n **™ B . 

v 2 sin E 

■ * (3) DCE ~ 2 sin A' * 



But ABE:DCE::b* :z 2 . 

b* sin -4 sin 5 6 J sin /( sin B 



2 sin # ' 2 sin £ 

CI 2 a sin # 
v sin A sin B 



a ::»»:**. 
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Draw W parallel U> /•;/;. thru !/)/■'. A'und DFA />'. 



sin A': sin if ::& — * 



- i : x, 



sin K 




In like manner we Bhall find y= ^ ^^ A . 
Since * is known, x and y are known. 

2d. When the Bum of tho two angles > 180°. 

E and DC lie on opposite eides of 
AB. 

Let a = ABCD = the area to be cut 
off', b — AB the given side, x = AD t y = 
BC\ z = DC,E^A + B — 180°. 

T.y a process similar to that em- 
ployed in first case, we find, 

2 a 8in~ 
tin -1 sin £ 




-v 



r = V^ + 



(t — 6) sin B 
* — sin E 

(z — 6 ) sin A 
*- sin E 



3. To tiiwle a tropezovl into proportional parts hy n line 



joining the hot**. 

Let ABCD be the trapezoid, b 
and 6' the liases, a the* altitude, 
m and n the ratio t*f the parts. 



r t 



Take AE = 
also Z>F 



///// 



m -\- v ' 
off 



then EB- 



p x 



m 



T^ 



. then FQ 



nh' 







SURVEYING 



2 (m -J- n) 



an'! /';''■' 



2 I m + n) 



Cut 



am i '' + &') 



: 2 (m -f 7i > 
EBCF 



: m 



;;. 



m : 7i. 



1 

ffiWMirl ■ Tf the line is to bo drawn from a 
point P, in one base, first divide as above; then, if P is 
on one side of E } take P' as far on the other side of 
F, and draw PP\ 

This change in the dividing line does not affect the 
altitude of the parts, nor the sura of their bases, since 
OOfl is inercased as much as the other is diminished, 
nor, consequently, their area. 

A similar process can be employed whatever be the 
number of parts. 

327. Examples. 

1. A trapezoid whose bases are b = 15 eh. and h' = 
12 Hi., and third side s — 10 ch., is divided by a line 
paraHal to the bases into two parts, such that the |»irt 
adjacent to b is to the part adjacent to // as 3 to 2. 
Required the length of the dividing line, and the dis- 
tance from h tut off on a. Ana. 13.28 ch., and .".73 ch. 

2. Given a side 11.30 ch., and the two adjacent angles, 
<V)° and 70°, respectively, of a tract of land from which 
10 A. are to be cut off by a line parallel to the given 
side. Required the length of the dividing line, and 
the respective distances from the given side cut off on 
the adjacent sides. 

Ans. 4.05 eh., 12.60 ch., and 11.61 oik 

3. Given a side 10 ch., and the two adjacent angles, 
120° and 115°, respectively, of a tract of land, from 
which 15 A. arc to be cut off by a line parallel to the 
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given side. Required the length of the dividing line, 
and the respective distances from the given side cut 
off on the adjacent sides. 

Am. 20.32 eh., 11.42 ch., 10.91 ch. 

4. A trapezoid whose parallel sides are AB = 14 eh., 
:iml DC = 7 ch., ie divided by the line PP' into two 
parts which ore to each other as 3 to 4; AP = 4 oh., 
find DP', Am. 6 ch. 



328. Division of Trapeziums. 

I. Given a stele, ttco adjacent OflgfaB, and the area of a 
tmpemmi, to divide it, by a line parallel to tftc given nule, 
iiitn parU taring (i given ratio. c 

Let ABCD be the trapezium; b= - AB, 
the given side; .4 and B, the given 
angles; G = 180°— {A + B) t a = the n 
area of A BCD, x = AE, y — BF t and A £_ 
ABFE : KFi'D :: m ; n. 

.-. ABFE = ^?-, EFCD=™, 

m-{- n m+ n 

ABG = \BG x AGx sin G. 

nrt h sin A , .- b pin B 

BG s= — i — »- and AG = -^ — rr • 
sin G sin G 

A 2 sin A sin Z? 




/i£0* - - 



EFG - 



2 sin Q 
& 1 sin ^1 sin B 



m/i 



2 sin G m-f »i 

-4BG : ETO :: I5 a : £S a , ABG : EFQ :: J2G a : JYJ*. 

Substituting, in the proportions, the values of ABG, 
EFG, .1*7 and BG, find £G and FG, and substituting 
the values of AG, EG, BG and FG in the equations, 

x = AG — EG and y = BG — FG, we have, 

8. N. 28. 
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— b sin s _ \ b% 8in * R _ " 2ma 8in *L 

sin 6? A/ gin* tf (m-f n; sin A sin G 

__ b sin ^4 J /* 1 sin 1 X ~ 2 ma sin ^4 

y " ImG" ' "V flin 2 G 



0» + n) sin 5 sin G 



2. GifYu Me (tearing* of three adjacent tides of a tract 
of land, and (he fniat/i ttf the middle dde y to cut nff t by a 
line running a given couree t a trapezium of a given area. 

Let a a A BCD, the area cut off; b — 
AB, the given side; x = AD, y = BC\ 
z = CD. 

From the given bearings, find the 
angles A, B, C, A E A 

nr b sin A , irt b sin B 
BE = .. and Ah——. — =^- 

sin E sin E 




ABE = IBExAExsixi E = 



b l sin A ein B 
2 sin £ 






Z>C£ = }£>£xC£XBin £-- 



a 2 ein C flin P 



2 sin £* 
!» sin C sin /) 6* sin ,-i sin B 



2 sin /; 



2 sin A' 



a. 



Vb" tsin .1 .-in /.' 2 n sin £ 

sin C sin Z> sin C sin // 

Substituting the value of z in the values r»f HE and 
C7.', then the values of AE, DE, BE and CE in the 
equations, 
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x = AE — DE t and y = BE— CE t we find, 
H sin B 



x = 



sin £ V 
b sin -4 / 



A* ein ^ sin B Pin t 1 
sin* £ sin f> 



2 Q -in 
sin /)sin fi 



A 2 em -4 sin if ein D 2 a sin Z> 



sin-' E sin C 



sin ' ' sin A' 



&wwr*.— If A+B > ISO , the values of x and y are 






'sin .1 sin /> sin C "In sin f 



ein 3 L'einZ) 
fc* sin A sin JJ sin /> 



ein I) ein A' 



sin 2 E sin C 



*2 n sin I> 



sin C sin E 



h sin /J 

.-in E 

I sin J 
sin E 



3. 77n Itfirtiiijx of MflSilli lulittcfiit side* "/ u tract of land 
bang unm, owl the U-ntjtlt »f each, aoatpt theftnt and fast, 
in aii off a gum area by a fine of given Itetiriiuj internetting 
the firat and last */</--. 

Let the bearings and distances of 
AK, KL, LM } MX, NB be given, and 
the bearings of Af> and BC; and let 
a be the area cut ofl" by CD. 

Draw AB; thru, in the polygon. 
ABNMLK, the bearings and dis- 
tances of all the sides are known, 
except AB, which can be computed, and the area of 
ABNMLK found. Subtract the area thus found from 
the area to be cut off by VD^ and the remainder will 
be the area of ABOD. 

Then, by the last case, find AD and BC 

4. The fayiriogs of the sides of any qundr'dnteral trarf of 
land and the dish meat of tiro ojtpoxiu title* hrimj yirev, to 
iVuhh 1 U into parti having a given rath hy a lint of a given 
course mtanectmQ the otlier sides. 
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Let b = AB y c = CD, 

x a AE, v BF : z = EF, 
and ABFE: EFCD ;; m : n. 

Find the angleB A, B, C } D y E % F, O. 



A 



BO - 



b sin A 
sin 9 



AG - 



81)1 



B 



f Sill 



n 



en _ : ,; , fg = 



sin r» 



sin </ 

i sin fi 

sin U 



DG = - 



r Pin 



Mil 







r; = 



: sin F 
.-in <7 



ABFE - 



ABFE=* 



i,f 



(h* gin /l sin i? — <■* sin C sin X>) 



2 (wi-j-») Bin a 

b- sin ^1 sin B — z" 1 sin E fin /* 
2 sin S 



Equating these values of ABFE, we find, 



W- 



HI) 



.1 



Mil 



FT 



w» J bin <' >h\ I' 



(m |- n) sin A' sin /•' 

Suhstituting this value of z in the values of F(7 and 
EC; then the values of AG. E(i % Bii and FfV in 



x = AG- EG, and v = BG FC t m h 



ave, 



_ 6 6inB sin F I 

sin '! sin G > 



V = 



b sin /I 
sin G 



nb % sin .4 sin B 4- mg* sin C sin J) 

(ia-*-n)siu£sinf* 

sin J? I nb* sin /I sin jB + iiu' j sinf ' sin / > 

ai n ' - \ (m -t- ft) sin E sin Z 1 



5. 7V bearing* ami < of the aide* of any q\ 

rttaieral trart of land behig given, to divide it into part* 
having a given ratio by a line dividing tico opfwite sides 
l>, ojiottiimaUy. 



b Mi, c - CD, d =AD t 
e = BC, x =r AE t y = BF, 

ABFE : EFCD :: m : n, 
d — x :: y : c — y t 









/ 




DJVIMMl LAXD. 
From the bearings find the angles A, B % f\ D } G, 



BG = 



l> sin A 

sin '/ 



= p, and AG = 



*\\i 



/; 



gin a 



ABFE- 



m (ft' sin A sin /; — c* sinC'ein D) 

'I ()ii + n i sin (i 



EFG = 



6 s sin -4 sin/? t»(ft*sin.-l sin B - e 2 einCsinD) 



2 ein a 



2(ffi + n) sin G 



EF<; 



nb* sin A sin 5 + vie 2 sin O sin D 



2 (to h n) sin G 



m 



But £F(3 = h (q —x) (;> 7 ) si a 



f.r 



£(? — *)(P — -j-) sinG = «. 



j - 






1 



* -«*)» + 



sinfc' 



2« 



?/ = 



rip 4- a? 



JSp- 



^)» + 



sin G 



'J'/ 



6. The bming* flf»d dwiewMM o/ ffc «»rtar (>/"« quadrilat- 
eral being given, to r »' 'i/T " £" EWMWjg 
through a jxitnt irhn*e brnrhig •< \C6 from the vertex 
of one of the angle* ore given. 

Let a be tliu area of ABFE, cut off 
by £F through P. 

b = AB % e = CD, u = EG, 
v = FG, x=AE, y = BF. 

Tin- hiTiriiiffs (rive the angles A, B, 

c t n, rc<>. FCD. 

nr . b pin A ( ,, b sin /> . n/ , 6* sin -1 sin B 
sin sin U 2 sin G 

b* sin ,4 sin B 
2 sin G 
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In the triangle IK'P wo tare giv«n (fl*, rp, and 
/>CP; hence (DP and DP OH >* bond; tbea PDR = 
< I X — CDP. 

PR = DP*m /W? = p,and *Q f'Psin PCQ = q. 

EPG — 4pu. and OTfl 



But kuv >in'« - 



1 a I * 



u — -*- % ( — ^ — -L_ 






o sin f 



/< sin /? 



--in 



2 Otq 



- 
p \ K p* ';jsin (i 

h sin .4 "' a 'i v,,' " 




7. 77nr Ixtirhitj* a*d fftftiOTI r/ fAe rirfeg of a quadrilat- 
eral iteimj (jiiru, fa <'u<iih- It into four rrpiai ]*irtx hy tm> 
line* interacting tJic pairs of opposite xidex, rf^j^lirehf. one 
line iieimj parallel to one tide. 

Let EF, parallel to AB f and 
MX, pannel to BC, each divide 
A BCD into two equal parts; 
and Pft parallel to /Y\ divide 
ftfCD into two equal parts. 

Find AE, III-] UM, r\ } rp, and FQ, by problem 1 of 

this article. 

EF = AB — AE cos A — BF cos B. 

Likewise find MX and PQ. NP CN—CP, 
Produce MQ to /, draw Nil parallel to /.V, and draw 
///.- then will EF and HI h>> the linos required. 

The line EP is evidently one of the required lines. 
Wo are now to prove that /// is the other. 
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The two triangles, II.X1 and IIXM, are equal, since 
they have a common base, //A', and a common altitude, 
their vertices being in IM t parallel to the base. 

To each of these equal triangles add AHND, and we 
have A HID = AMND = \ABCD. 

We are now to prove that III divides EFCDj and also 
ABFE into two equal parts. 

mS : IQL :■ Iff 

IMN :IQP;:TR % : 1q\ 

. - . IMII : IQL : : I MX : IQP. 
But IMH = IMN. . • . IQL = IQP. 

To each add QFf'I, and ttfl shall have, 

LFC1 QFCP-m IEFCD. 

Again, HBCI = AHID and LFCI = ELID. 

Subtracting the second from the first, iikiiiIht from 
member, ire have, 

HBFL - ABLE. 

Hence, HI is the other division line required 

Let us now find the situation «if the points H and /, 
on the lines AD and CD, respectively. 

NM : PQ:: NP+PI : PI. 

NM X PI = PQXNP+PQx PI 

XU—PQ)PI=PQXKP. 

Then, CI^CP- PJ. 



pi 58 - v/ * 



The bearing and length of 73/, and the area of MUM, 
can be found by Art 305. IMH= ICBH - ICBM, 

If p be the perpendicular from I to A Ii, 

p = DIam 1MB. 31H=^^- BH = BM+MII 



SURVEYING. 

889. Examples. 

1. A tru]>ozium, one side of which is 20 ch., tho ad- 
jacent angles G0° and S0°, respectively, and the ur<;i 
10 A., is divided into two equal parts by a line paral- 
lel to the given side. Required the distance from the 
given side cut off on the adjacent sides. 

Am. 3.04 ch., and 2.68 ch. 

2. From a tract of land, the bearings of three of 
whose adjacent sides are S. 20° \V\, E, and N. 10° \Y\, 
and the distance of the middle side is 10 ch., 5 A. are 
cut off by a line running S. 70° \V, and intersecting 
tin- first and third of the above mentioned sides. Re- 
quired the distances cut off on these sides from the 
middle side. Ana. 4.01 ch., and 7.29 ch. 

3. From a tract of land, tho l>earings of whose sides 
are S. 38° E., S. 29f° E., S. 3IJ° \V., N. fil° W., and 
N. 10° \\'.. respectively, and the distance of the second, 
third, and fourth sides are 8.18 ch., 15.36 ch., and 1-1 48 
ch., respectively, 39 A. 2 R. 36" P., are cut nil' by a line 
running X. 80° E., and intrrsccting the first and last 
sides. Required the distances cut off on these sides 
respectively. Ana, 7.01 ch., 10.19 ch. 

1. A trat't of land, (lie bearing and distances of whoa 
m.Imm are AF>, E. 22.21 ch. ; li(\ N ; CD, N. 66| fl \\\. 
12. ch.; DA, 8.24° \\\, is out by EF running S. 76J° K-, 
intersecting AD and BC, and dividing the field so that 
ABFB : EFCD ;: 5 ; 3. Required AM and BF. 

Atw. AE- 16.-50. ch., BF- 11.34 ch. 

5. A trarw-zhmi wIiom- sides are AB - '2" 15 ch., 
S<7=2L78 ch., OD 18.96 ch., DA =- L&82 ch., end 
whose angles are A = 97}°. B G4°, C .SflJ , D = 
]09°, is divided into two equal parte by the line EF, 
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dividing AD and BC proportionally. Required AE 
and HF. Ana. AE &29 ch., i?F- 10.15 ch. 

6. Within a tract of land wtm>c sides are — 1st. E. 
i UMefe.) 2d N. KU° V7., 10.86 eh.; 3d s. 82* W., 30.40 

ch., 4th. 8. 9J* IV\, 36 ch. — there is a spring whose 
bearing and distance from the 3d corner is S. 21° W-, 
[5,80 eh. It is required to cut oft" 40 A. from the north 
side of this tract by a line running through the spring 
and Intersecting the 2d and 4th sides. Required the 
distance from the 1st corner to the point of intersection 
on the 4th side. Ann. 20.73 ch. 

7. A tract of land whose boundaries are— 1st. E. 23.24 
ch.; 2d. N. 11J° \V., 15.25 ch.; 3d. N. 5H° W. f 11.50 ch.; 
4th. S. 27° W., 34.82 ch.— is to he divided into four equal 
parts by two linos, one parallel to the first side, the other 
intersecting the first and third sides. Required the dis- 
tances cut off by the pandit*] from the first nnd second 
corners, measured on the fourth ami second sides, re«ix*cL- 
Ively; fdeo the distances cat off by the other line from 
the first :nnl fourth corners, measured on the first and 
third sides, respectively. 

Ans. 8.57 ch., 7.71) ch., 10.0(1 ch., 3.1.5 ch. 






SMh Division of Polygons. 

1. From n rjivev ;*>;'»/ in the bnnnrinry nf n trnrt nf html, 
tit* firnrinifs "ini ih'*tn lire* nf vhnm siiifs hit given, to run fl 
liur uhirh that I rut t$ n tjirrn arm. 

Let A he the point, and Hiippoec it 
probable that the dividing line will 
terminate on F)K. Suppose the closing 
line AD to lx^ run, tin* bearing and 
distance of which can be found on the 

S N 29. 




33a 



SUAVEYING. 



^nmnd by observation and measurement, or, as in sup- 
plying omieaione, from the li».-:i ri n^s and dU'tanct p of AB, 

BC\ and CD. Compu e tbe area of ABCD, which, if 
less than the area to be cut on", subtract rroin that area, 
Whloh gives the addition, a, to ABCD- The bearings 
of i/) and DE give the angle ADR 

The perpendicular, AG— AD Bm ADO. 

Then, if .-IP is the dividing line, DP = 



4 AG ' 

If 7)P> DE, run another closing lint- AE, and pro* 
i- beftne. 

If ABCD is greater than the area to be cut off, buIk 
tract the area to be cut off from ABCD and divide the 
difference by one-half the perpendicular from A to ( D, 
and the quotient, if less than DC, uriH be the distance 

from D to the point on DC tu which the division line 
is to be drawn, 

If the quotient is jrrcater than DC, run another clos- 
ing line, AC, and proceed as before. 



2. Thronfjh a ff/ '••'<! /"•''.' within a tract of W7, the hfftr- 
imjn awl <li~t<i rices of whose sides «/v >j, i< n, to run a I'm*- vhirh 
shall cut off a gwen area. 

Let P be the given point. Run a 
trial line, AB, and calculate the area 
winch it cuts off. 

Let '' bo the difference between 
this area, which wo will suppose too small, and the 
area to be cut oft 

Let CD be the division line required, 

d = APC- BPD. 




TUViDisn LAND, 

Lot m .-IP, and n — PB, which measure; find Lbs 
angle f\\<\ also PJMX W« are to find the angle P. 

< ' 180° — U + P) and D = 180° - (i>' f P). 
mu ( ' - Bin (-1 j P.) and sin Z> = sin (B -f P), 

"' wn .1 . _ m sin P 

" sin i.l P.' JC= %in(.-i+Pj' 

•"" Arc — 2siu {A+P) 

n Bin B gf . » sin P 

_ «« sin £ sin P 

in- sin .1 sin P n* sin /J sin P 



d = 
2d = 



2sin</H-P) 2dn(B+P) 

m 3 * 3 



cot P + cot A cot P + a >t fi 
Use natural co-taugentK, find cot P, und tlicu /'. 

831. Examples. 

1. The boundaries* of a tract of land are: -177, \V. 25 
Oh.; PC, X. 32J fl \V. ? 16.01) oh.J CD, X. 20° E., lo.oO ch.; 
Ptf, E. 25 ch.; EF t S. 30° E.; nnd F4, 8. 25° W\, to 
the point of beginning. A line is run from .1, cutting- 

.1] 70 A. 1 h\ S3 P. from the rat side Required tin 
second point in which this line cuts tin* boundary. 

Ali. The side DE, IS ch. East of D. 

2. It is required to run a line through a ]>oiiit, P, 
within a field, so as to cut off 10 A. A muss line 
through Py intersecting opposite sides in A nnd /•'. CUtfl 
ofT 9 A. Required the angle which the true division 
line, CD, maktt frith AB, if -IP 12 ch., PB 4 eh., 
PAC tnr. PBD i»°. ^tw. K° 4S' 
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LEVELING. 
333. The ¥ Level. 

The Y level, so called from the form of the support* 
in which the telescope rests, is exhibited in the an 
nexed engraving. 

The telescope is inclosed in rinps, by which it can lw? 
revolved in the Y's or clamped in any position. 

The Y's have each two tints, adjustable with the steel 
pin, and the rings are clamped in the Y'fl by bringing 
the clips firmly on them by means of tapering V pins. 

The interior construction of the telescope is exhibited 

in the following figure. 




The rack and pinion, A A and CC t arc contrivances, 
the first for centering the eye-piece, and the second tor 
insuring the accurate projection of the object-glass in 
a straight line. 

The level is a ground bubble tube, attached to (In: 
under side of the telescope, and furnished at each end 
with arrangements for the usual movements in both 
borieontfiJ and vortical directions. 

The tripod head is similar to that in the transit 



333. Adjustments. 

1. To adjust the line of collimation, set the tripod 

firmly, rcmovi- tin V pin* from the clips, BO th.it tin- 

telescope shall turn Only, damp the instrument to 
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the LrijMxl head, ami by means of tho leveling and 
tangent mews, bring either of tho wires to bear on 
a clearly marked edge of an object, distant from two 
to five hundred fret. 

Turn tho tolcBcopo half-way round, bo that the same 
wire is brought to bear on the sarno object. 

Should the wire not range with the object, bring it 
half-way back by moving the capstan head screws, BB, 
at right angles to it, in the opposite direction, on 
account of the inverting property of the eye-piece, and 
repeat the operation (ill it will reverse correctly. 

Proceed in like manner with the other wire. 

Should both wires be much out, adjust the second 
after baring nearly completed the adjustment of the 
first, then complete the adjustment of the first. 

To bring the intersection of tho wires into the center 
of the field of view, slip off the covering of the aye- 
piece centering screws, shown at AA, and move, with 
a small scrow-driver, each pair in ' succession, with ■ 
direct motion, as tho inversion of the eye-piece does 
not affect this operation, till the wires are brought, as 
nearly as can be judged, into the required position. 

Test the correctness of the centering by revolving 
the telescope and observing whether it appears to shift 
the position of an object. 

If the position of the object is shifted by revolving the 
telescope, the centering is not perfectly accomplished. 
Continue the operation till the centering is perfect. 

2. To adjust the level bubble, clamp tho instrument 
ovor either pair of leveling screws, and bring the 
bubble to the middle. 

Revolve the telescope in the Y'h so as to briny 1 In- 
level tube on either aide of the center of the Level bar. 



; / velwo. 



:\\:\ 



Should the bubble run f<» <>ue end, rectify the error 
by bringing it, as nearly u can be estimated, half-way 
back with the oapetan screws in the level holder. 

Again bring the Level OVOT the center of the bar, 
and bring the bubble to the center; turn the level to 
one side, and, if necessary, repeat the operation till the 
bubble will keep it- i»>sition when the tube is tur 
to either side of the center of the bar. 

Now bring the bubble to the center with the level- 
ing screws, and reverse the telescope in the V's with- 
out jarring the instrument. .Should the bubble run to 
either end, lower that end, or raise the other by turn- 
ing small adjusting nuts at one end of the level till, 
by estimation, half the correction is made. 

Again bring the bubble to the middle, axid repeat the 
i)|M'iat'nin till the reversion can be made without caus- 
ing any change in the bubble. 

3. To adjust the Ts, or to bring the level into a posi- 
tion at right angles with the vertical axis, so that the 
bubble will remain in the center during an entire 
revolution of the instrument, bring the level tube 
directly over the center of the bar, and clamp the tele- 
scope in the Y's, placing it, as before, over two of the 
leveling screws, unclamp the socket, level the bubble. 
anil turn the instrument half-way around, so that the 
level her may occupy the same position with respect to 
the leveling screws beneath. 

Should the bubble run to either end, bring ir half 
way back by the Y nuts on either end of the bar. 

Now move the telescope over the other set of level- 
ing screws, bring the bubble again into the center, and 
proceed as before, changing to each pair of screws, suc- 
cessively, till the adjustment is nearly completed, which 
niav now be done over a single pair of screws. 
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:m. The I so ol' the Level. 



Set the legs firmly in the ground, test the adjust- 
ments, making corrections if necessary. 

Bring the wires precisely in the focus, and the object 
distinctly in view, so that the spider lines will appear 
fastened to the surface of the object, and will not change 
in position however the eye be moved. 

The bobble resting in the middle, the intersection of 

the spider lines will indicate the line of apparent level. 

335. Leveling Rod. 



The New York Leveling Rod, represented 
in the engraving witli a piece cut out of tin- 
middle, so that Ixith ends may be exhibited, 
consists of two pieces, one sliding from the 
other. 

The graduation commences at the lower end, 
which is to rest on the ground, and is made 
to tenths and hundredths of a foot. 

A circular target, divided into quadrants 
of different colors, so as to be easily seen, 
moves on the front surface of the rod, which 
reads to six and one-half feet. 

I If a greater height is required, the horizon- 
tal line off the target is fixed at f>J feet, on 
lli<> front surface, :md the upper part of the 
iimI, which carries the target, is run out of 
the lower, and the reading is obtained on the 
graduated side up to an elevation n^ twelve ft. 
A clamp screw on the back is used to baton 
the rods together in nny position. 
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MS. Definitions. 

A level surface is the surface of still water, ot any 
surface parallel t<» that of still water. 

Such a surface is convex, and conforms to the sphe- 
roidal form of the earth. 

A level line is a line in a level surface. 

The difference of level of two places is the distance 
of one above or below the level EN1I&08 passing through 
thi' other. 

Leveling is the art of ascertaining the difference of 
level of two places. 

The apparent level of any place is the horizontal piano 
tangent to the level surface at that place. 

The line of apparent level of any plan- m a horizontal 
line, tangent to a level line at that piece. 

The Y Level indicates the line of apparent Level 
and not the true level, which is a curved Lin 0. 

The correction for curvature is the amount of devifr- 
tion for a given distance of the line of apparent level 
from the line of true level to which it is tangent at 
the point from which the distance is measured. 



H7. Problem. 

To compute the enrrertion for curvQture, 

Let / denote the tangent, c the ear- 
notion for curvature, </ the diameter 

of the earth. 

TL-.-n, by Geometry, wc have, 
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Since c is very smull compared with & t it cnn 1m» 
dropped from the denominator without sensibly affect" 

ing the result 



r = 



The arc, which is the distance measured, will not 
differ perceptibly from the tangent, for all distances .it, 
which observations are made, and may be substituted 
for it. 

Calling another distance, f, and the corresponding 
correction, c\ we have, 
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1, The correction for cWMttwtf, for a given d 

equal to the eqxutre of the distance decided Uy the diameter 
of Ike earth. 

2. The corrections for different distances are to each Dthrr 
as Vw squares of the distances. 

Let ua find the correction for the distance 10<> rluius, 
culling the diameter of the earth 79'20 miles. 

100»X66x 12 



r = 



— 12.5 inches. 



7020 ;< 80 

The correction for any other distance, for example, #5 
cli., can be found from the proportion. 

100 2 : 5» :: 12.5 : r, .-. c=.031 inchea 

For 1 mile, 100* : SO 2 :: 12.5 : c, .-. o= 8 inches. 
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For m miles, ■....* . . ^ . *, 

A correction for refraction is sometimes made by di- 
minishing the correction for curvature by J of itself. 

If the leveling instrument is placed midway between 
the two places whoso difference of level in to be found, 
the curvature and refraction on the two sides of the 
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instrument balance, and the difference of apparent 
level will bo the difference of true level. 



338. Problem. 

To find the difference of level of two places risible from a 
2*>inl midway EMtWMfl them err from each other^ uhen the 
difference of level tlocs not exceed twelve feet. 






Let A and Ii be the two places, and C the place mid- 
way from which both are visible. 

Place the level at C, and let the rod-man set up the 
leveling rod at A t and slide the vane till he leurns, by 
Bignala from the surveyor at the level, that its hori- 
zontal line is in the line of apparent level. Let the 
height be accurately observed and noted, and the rod 
be transferred to 2A and the height observed and noted 
as before. 

The difference of these heights will be the difference 
of level. 

Tf a gully intervene, so that the line of apparent 
level, from the intermediate station, would not cut the 
rod, place the instrument at one station, and take tin- 
height on the staff at the other station marked by the 
vane when in the line of apparent level, from which 
subtract the height of the instrument, and the differ- 
ence corrected for curvature and refraction will be the 
difference of level required. 
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330. Problem. 

Tn find the difference nf level of tiro jHwya which differ con- 
sulenihly in level, or which can not be seen from each otlicr. 




Let A and D be the places whose difference of level 
is required. 

Place the level at the station L, midway b« 
two convenient points, A and B. Take the backsight 
to J, and note the height of E. Send the rod to #, and 
note the height of the foresight at /' Remove the 
level to 3f, note the hcipht of the backsight at and 
the foresight at H. Remove the level to JVJ note the 
height of the backsight at /, and tin- foresight at ./. 

Then will the difference of the sum of the backsights 
and the sum of the foresights he the difference of level 
of A and D. 

For, we find for the sum of the backsights, 

AE h BQ \ 01 ,\E\-BF\ FQ + CI, 

And. we find for the sum of the foresights, 
BF | CH -; -DJ=BF+ CI+IH+DJ 
= BF+CI+PG. 

The 8U m of the backsight^ minus the sum of tin- f-.re- 
Bight*, AE -| FG—PG = — AK dill'-renoe of level, 
whi h in the field notes 19 denotrd hv A L. 
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If the sum of the foresights exceeds the sum of the 
backsights, tin- point /"' \< below A; if the reverse were 
true, the point D would l>e above A> as indicated by 
the sign- 
It is not essential that the intermediate etations be 
directly between the places. 

340. Field Notes. 



Station*. 


Barhnght*. 


Forexiqht*. 


1 
2 
3 


5.40 
3.12 
2.40 


IJSO 

525 

8.16 


Sums . . . 


10.92 
14.91 


14.91 


D.L = 


= — 3.99 



341. Leveling for Section. 

' Leveling; for Section is leveling for the purpose of 
obtaining a section or profile of the surface along a 
given line- 

A Bench-mark in made to indicate the bejnnninj: of 
the line by drilling a rock or driving a nail into the 
upper end of a post. Such marks should bo mudo at 
different points along the line, to serve as cheeks in 
case of a new survey. 

Tt is necessary also to measure the distance between 
the stations. The bearings of the lines should be tak^n 
in cttae a map or plot is to bo made, representing the 
horizontal surfuee. 
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In th« following table of specimen field notes, & de- 
notes stations; B. t bearings; D. t distflseefl; />'. &, back- 
Bights; F. &, foresights; B.S. — F.S., backsights minus 
foresights; T. D. L.> total difference of level; R., remarks, 
and B. M., bench-mark. 

The numbers in the column headed B.S.— F.& are 
obtained by subtracting each foresight from the corre- 
sponding backsight, observing to write the proper sign. 

The numbers in the column headed T. D. L. are ob- 
tained by continued additions of the numbers in the 
column R. S. — F. S, each being the sum of the back- 
sights minus the sum of the foresights, up to a given 
point, expresses the distance of that point above or 
below the bench-mark at the beginning of the line. 

The minus sign of a result indicates that the sum 
of the foresights exceeds the sum of the backsights, 
and hence, that the corresponding station is below the 
first station ; the plus sign indicates the reverse. 

In order to bring out prominently the difference of 
level, the vertical distances are usually plotted on a 
much larger scale than tho horizontal. 

Let us suppose the numbers in the column D. ex- 
press chains, and that the numbers in the following 
columns express feet. 

In tho following profile section the horizontal dis- 
tances are plotted to the scale of 20 chains to an 
inch, and the vertical distances to tho scale of 20 feet 
to an inch. 

The profile of the section is therefore distorted, the 
vertical distances being 06 times too great to exhibit 
(heir true proportion to the horizontal distances. 

The horizontal line, AQ y through the point of begin- 
ning in oallod the •tii'itm /'/<'. 
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.s: 


B. 


D. 


J?. 5. 


F.& 


BS-FS. 


T.D./.. 


A. 


1 


N. 


10.00 


325 


11.68 


— 8.38 


— 8.38 


HM. on |h*=i 


o 


N. 


14 00 


4. so 


10.20 


— 6.40 


— 1S.78 




3 


N. 


B W 


1400 


1.40 


+ 10.60 


— 8.18 


BM. on rock. 


4 


N-10°E. 


IfcOO 


10.80 


KM 


+ 850 


+ 189 




5 


N.10°E. 


10-75 


1.18 


12.00 


- 10 S2 


— 5™ 




* 


N. 


10.00 


2 1.- 


8-10 


- «-2R 


—11.75 KM mimic. 



US, Profile of Section, 




SURVEYING RAILROADS. 

344. General Plan. 

The sorveys for the construction of railroads, appli- 
cable alm> to canals, graded pile oh, dikes, etc., are made 
in the following order. 

1. The recomioissance, to locate the route. The ter- 
mini being agreed upon, wmii-tinn-H ^v.r.il routtf iw 
examined, bo that an approximate judgment can be 
formed in reference to the economy of construction and 
purchasing the right of way, the amount of stock taken 
nt different towns along the route, and the profits from 
KoobI business. 

2. The tran«it iurrey, to determine definitely the 
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middle Una along the surface, after the route has boon 
decided npon by the preliminary reconnnif—nce 

■ 3. The section leveling, to determine the profile of 
the middle line along the surface. 

4. The cross-iection work, to determine the position 
and slopes of the sides, so that the amount of earth 
to be removed or filled can be estimated. 



3+5. Section Leveling 



Section leveling is simply an application, with slight 
modifications, of leveling for section, before described. 

The first bench-mark is assumed at some convenient 
[*>int near the beginning of the line, and its location 
described in the column of remarks. 

The datum line is generally assumed at such a depth 
below tho first bench-mark — for example, at mean 
high-tide water, in ease one end of tho route is in tho 
viiiuity of tide-water — that its whole length shall be 
below tho section line at the surface. 

The engineer's chain, 100 feet in length, is usually 
employed in talking the horizontal distance, 

A tnrning-point is a hard point chosen as far in 
advance as possible, but not necessarily in exact line, 
upon which the rod rests while ■ careful reading \& 
taken just before it is neee&B&ry to change the position 
of the instrument, vrhoee exact height above the datum 
line thus becomes known in the new position, 

The difference between a turning-point mid a bate! 
is this ; 

A turning-point lb merely a temporary point, neither 
marked nor recorded, used h> determine the h< ight of 
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the instrument in a new {rait ion. A bench is botl) 
marked aud noted, and thus made permanent: 

If, however, it is thought best to mulct- a turning- 
point permanent, it is marked and recorded, and be- 
comes a bench. 

In order that a bench be not destroyed in construct- 
ing the road, it should be a little remoVari from the 
line surveyed. The location of the benches should be 
carefully noted, so that they may be readily found from 
the field notes. 

The plus lights are the first readings of the rod, made 
after each new position of the instrument, as the rod 
stands on a bench or turning-point, and are taken ti> 
thousandths of a foot. 

The minus sights nre the other readings, and are 
taken to tenths, except the last minus sight, before the 
position of the instrument is changed, which, being 
taken as the rod stands on a turning-point or bench, 
is taken to thousandths. 

The height of the instrument above the datum line 
is equal to a plus sight, plus the height of the corre- 
sponding bench or turning-point. 

The height of the surface tbove the datum line, at 
any position of the rod, is equal to the height of the 
instrument, minus the corresponding backsight. 

Then heights are taken at intervals of 1 chain, and 
at intermediate points when* the irregularity «f the 
surface is deemed sufficient to render it important 

In the following field notes D. denotes 'distance; 71, 
bench; T. /'., turning-point; -f &, plus sight; H. /, 
Leight of instrument; — S, minus sight; S. II., nur- 
faco height; G. H. t grade height; C, cut; i*% nil; 
A\, remarks. 

S. P». 30, 
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340. Field Notes. 



fit 


. s 


// /. 


— .s\ 


s u. 


a. H- 


a 


R 


& 


B. 


1WI 


S19U 




30. 








II.WA. 


0. 






3.4 


29.& 


19.fi 






E. of 


1. 






4.9 . 


2S.0 


26.5 


1.5 




0at»ko. 


2. 






12.7 


20.2 


23.5 




3.3 




a 






4.1 


28.8 


20.5 


8.3 






T P. 


•2.215 


23.755 


11.399 


'21.512 


19.2 


2.3 






4. 






2.0 


21.8 


17.5 


4.3 






5. 






12.5 


11.3 


14.5 




3.2 




M 






4.0 


1D.2 


12.7 


0.5 






0. 






12.3 


11.5 


11.5 









The numbers in the horizontal column, T. P. t are 
(build thus: The — S., 11.399, is obtained From the first 
position of the instrument by the reading of the rod 
on T.P. 21.512 - 32.911 — 11.399. The -f &, 2.243, is 
the reading of the rod from the new position of the 
instrument. 23.775 = 21.512 + 2.243. The cutting or 
tilling is the difference of 6'. H. und O, H, 
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348. Remarks. 

1. The grade height at 0, minus the grade ut 6, which 
is 20.5 — 11.5 = 18 = the descent from to 6. 18 -e- 
6 = 3 = the descent for 1 chain, 29.5 — 3 — 26.5 — 
G. II. at 1 ; 26.5 - 3 - 23.5 - Q. II. at 2, etc. 

2. The establishment of the grade is influenced by the 
ohject of the work, economy, the balance of cuttings and 
fillings, the points desirable for termini, etc. 

3. The method exhibited above may be extended to 

any distance. 

349. Example. 

Fill out the notes of the following table, and make a 
profile of section and grade from S H. at to .S. H. at 5. 



D. 


S. 


//-i. 


— & 


S.H. 


<;. //. 


c. 


F. 


a. 


B. 


6.248 


36.248 




30 








h. •_'(> ft 









5.y 










S.of0. 


1 






9.8 












2 






2.3 












'/• P. 


10.718 




11.814 












3 






7.6 












4 






12.0 












5 






2.1 













350. Cross-Section Work. 

Excavations and embankments are constructed with 
sloping Bides, in order to prevent the sliding of earth 
down the surface. 

The ratio of slope is bh« vertical distance divided 
by the horizontal, and is therefore the tangent of the 
angle which the sloping surface makes with a hori- 
mttol plane. 

Thr QSOftl ratio of slope is #, and the angle 33° 41'. 
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Slope stakes are driven to mark whore the eloping 
sides, whether of cutting or filling, will intersect the 
surface, and thus indicate the boundaries of tlio work. 

The rod used In trott-section leveling is 15 feet long, 
graded and plainly marked to feet and tenths, ;iud is 
road by the leveler ut the instruments. 

The assistants of the leveler are the rodman^ dONM, 
and two tajfcuten. 

The Field book is ruled into four columns, headed /). 
for distance; /,. for left; C. C. for center-cut; R. for 
right 

The numbers in the columns D. and ('. C. are, respect- 
ively, the distance and the corrcs|Mtndiiig cut, or till 
marked minus cut, taken from the field book for Mo- 
tion leveling. 

The fractions in the columns L. and 7?. have for their 
numerators the vertical distances of tin- crnss-srrtion, 
and for their denominators, the corresponding hnrizon- 
tal distances, from the center or from the vertex of the 
angle of slope, according as the rertical distance is 
taken within or without the limits of tho horizontal 
portion c£ the road. 

351. Cross-Section Excavations. 

We give the following profile of cross-section, tho 
method of jwrfurming the field operations and rminl- 
ing the notes. 

Let us suppose the cross-section to l)e taken at the 
K8IM1C6 3 of the field notes of article 343, where the 
center cut is 8.3 j that the road bed is 20 feet wide, 
that the ratio of slope is jj, nnd that both horizontal 
and vortical distances are plotted to tho scale of 20 
fed to i inch. 
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Take AA for the datum line, and suppose the mul- 
ing ut the center stake to be 7.4, Tie- height Of the 
instrument above the datum line is therefore 8.3 -f 
7-4 - 15.7. 

The reading of the roil at the depression F, lietween 

the center and the angle A, is &. o ; hence, the ont is 

1 "..7 —8.5 =7.2. The horizontal distance, CF, is 4 feet; 

hence, the record in the field note>. u seen in the next 

7 2 
article En the column L, is — - 

The reading of the rod, at the temporary stoke /*, il 

8 3 
7.4; hence, the cut is 15.7 — 7.4 = 8.3, and the entry, -y- 

Tlie point S, where the Mope intersects the surface, 
is found by trial. Hince the vertical distance of the 
Blopc is § of the horizontal, then /->', if horizontal, 
Mould be* % of E.U which is 12.4; but, on acconnt of 
the inclination of the surface, £8 will be less, say 10 
foot Setting the rod 10 feet out from A*, the reading 
ia X.3, and hence the cut = 15.7 — 8.3 — 7.4. Now, § of 
7 1 is 11. 1; hence, the assumed difltanco, 10 feet) is 
too small. 

Fur n second trial, take 11 feot nut from K, at whieh 
the reading of the nwl is S.4, and the cut 7.3. Now, 5 
of 7.3 = 10.9, which lacks hut .1 of It, an.l is suf- 
fu-ienlly accurate. The record for the dope .-take, in 

the column L, is ~*j ( - 



SURVEYING. 
The reading of the rod at the stake D is 6.9 ; hence, 

v u 

the cut is 8.8, and the record in the column R is — «■ 

The reading at the elevation Q jb 5.1; hence, the 

cut is 10.6. The horizontal distance, DQ t is 9 feel ; 

i • 10.6 
hence, the record is -^— ■ 

To find S' whore the slope intersects the surface, 
since, on account of the rising of the surface, it is 
more than | of 8.8, which is 13.2, take, for a first trial, 
is foot out from D, at which point the reading of the 
rod is 4.5, and hence the cut 15.7 — 4.5 — 11.2. Now, 
§ of 11.2 = 16.8; hence, 18 feet is too far out. 

For a second trial, take 17 feet out from D. The 
reading of the rod is 4.3, and the cut 15.7 — 4.3 = 11.4. 
Now, f of 11.4 = 17.1, which is sufficiently accurate; 
hence, the record for the elope stake S', in the column 
11.4 



R, is 



17.1 



86& Field Notes. 



D. 
8 


L. 


a a 


R. 


7.3 8.3 7.2 
10.9 A 4 


&8 


8.8 10. tt 11,1 
A' 9 17.! 



353. Cross-Section Embankments. 

The following is the profile of the cross section drawn 
to a wall* of 20 feet to 1 inch, taken at the distance 
5 of the field notes of article 34(i, where the filling is 
3.2. now called a minus cut, and written — .'S.'i. 

Take AA\ which is the horizontal top of the embank- 
ment 20 i'rrt wide, for the datum line. 
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The ratio of slope, in case of embankments, is — |. 

The reading of the rod at the center stake is 6.6, 
and the height uf the instrument, with reference to 
the <latum line, is the algebraic sum of the reading of 
the rod and the minus cut, which is 6.6 — 3.2— 3.4. 

If the instrument should be lielow the datum line, 
the reading of the rod would !»■ numerically less than 
the minus cut, and the height of the instrument would 
be negative. 

The readings of the other points along the surface 
8S t subtracted from the lioijzht of the instrument, will 
give the corresponding minus cuts. 

The reading at A is 7.4, the cut, — 4, and the 

rtoord, —j- - 

The reading at G is 12.4, the cut, —9, the horizontal 

9 

distance FG, 6.3, and.the record, tt^-- 

o.i> 

To find the position of the slope stake S t take for 
the first trial 20 feat out from F, where the reading is 
16, and the cut, - 12.0. Now, - 12.6 X - I = l&»i 
hence, 20 feet is too far out. 

Next try 18 feet out, where the reading fa UkS t and 

OH cut, — 12.1. Now, — 12.1 X — } = l&lt which is 

mfflctantty accurate; hence, tho record fin th« mf* 

. , . — 12.1 
stake o is 



18.1 
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The reading at A' is 6.4, the cut, —3, and the 
record, — -p-- 

To find the position of the slope stake N\ take far 
the first trial 5 feet out from D, where the muling is 
C.2, and the cut, - 2.8. Now, — 2.8 X — f — 4.2; 
hence, 5 feet is too far out. 

Next take 4 feet out, where the reading is 6.1, and 
the cut, — 2.7. Now, — 2.7 X — f = 4; hence, the 

2,7 

record for the slope stake S' is — j— ■ 
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D. 


L. 


a a 


R. 


5 


-12.1 -9 -4 
18.1 6.3 A 


-3.2 


-2.7 
A 4 



&k>. Remark. 

It sometimes occurs that an excavation will be re- 
quired on one side, and an embankment on the other. 
Guided by the stakes and field notes, the excavations 
and embankments can be correctly made. 



&><>. <'oi u put at ion of Earth-work. 

The computation of earth-work is the determination of 
the volume of excavation or embankment. 

The cross-sections, bein*: tnkeii, wherever necec 
at every 100 feet or less, divide the excavations <>r 
embankments into blocks, wliieli may be regarded as 
frustums of pVTfttnids. 
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Denoting the omas of the wctiona regarded as bases 
of the frustum by >> and lively, tin.- Length by 

/, and the volume by p, we have the formula, 

v=hl(b + b'+\ bit). 



&>7. Examples. 

1. The lenptli of an excavation is 100 feet; find the 
volume, tho two ends being thus represented : 





The area required, in each case, is the area of the 
whole figure, regarded as a trapvz<iid. which is one-half 
the altitude multiplied by the sum of the parallel bases, 
minus the eum of the two triangles; hence, 

i - 28 X 24 — (24 x 8 + 12 x 4) = 432. 
6'= 19X12 — (12X44- 6x2) = 16a 



* - h X 100 (4.32 + 168 4- l 432 < 168). 
v =s 28980 cubic feet = 1073 cubic yards 

2. Compute the volume of the embankment whose 
horizontal breadth at the top > 16 reet, from the fol- 
lowing field notei 

s. N ;;i 
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D. 


L. 




CO. 


R. 


5 
6 


— 11.6 
17.4 

— 17.4 

ili'i 


-10.5 

•1 
- 15.5 
"A 


— 10 

— 15 


—9.5 —8.6 
' A' 13 ' 
- 14.2 —13 
A' 19.5 



Am. 1607 cu. yds. 



358. Remarks. 

1. The above method of computing earth-work is 
called by engineers The mean average method. 

2. The method known as The arithmetical mean method 
is easier than the above, though less accurate. 

The following is the formula: 

t> = */(& + 6'). 

3. The volumo can also be computed aa a rectangular 
prismoid. 

4. Irregularities in the cross-section surface line, as 
elevations, depressions, or a curvature of this line, must 
be considered. 

Thus, the elevation 
may be regarded as a 
triangle, its area com- 
puted and added to 

the tra|KV.oid before the area of the 'two triangles at 
the right and left be deducted. 




359. Railroad Curves. 

In the preliminary survey of a railroad, any change 
in direction is made by an angle which must, in the 
final survey, be replaced by a curve, to which the sides 
of the angle are tangents. 
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Let the annexed diagram represent such an angle 
and curve. 

Run out one of the tangent- 
/»M, to £', and let -4 denote the i x- 
ternal angle &ID. 

Then wc shall have C— A, ?'u-<r 
each is the supplement of UMK 
the angles 2J and D being right 
angles. 

Let r = BC, the radius of curvature, ftnd t .[/.', 
the tangent. 

Then, (1) r = r tan J A (2) r = 




tan }, ! 

The degree of curvature is the number of degrees in 
an arc whose length is 1 chain or 100 feel 



360. Problem. 

OvBtn the degree of curvature. Id find ihr ?<<■ '. B A* 

r/rxrli! t tjivrn the radius of curvature, (/> jiuil the drrpve. 

2?rr— the circumference, 

3ti0 ~ 180 = l ° "'" rlu ,lni '' r,urr ' 



Hence, 



ISO" 



= </° of circumference. 
CI) r 



= 100. 



1MH.0 

1MWHI 
nr 



Baring found the radius of curvature, lf« ran find f, 
the taneent, or the distance from the vertex of the 
angle to the point where the curve begins by formula 
I of the pn ceding article. 
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361. Examples. 

1. Find r of 1° of curvature and t, if A = 40°. 

Ana. r = 5729.58 ft., t = 2087.4 ft. 

2. Find r of 2° of curvature and t y if A = 40°. 

i4nt. r = 2864.79 ft., * = 1043.7 ft. 

3. Find r of 3° of curvature and *, if A = 50°. 

j4?w. r ss 1909.86 ft., t = 890.6 ft. 

4. Find r and <l, if A ~ 35° and < = 1000 ft. 

i4tic. r = 3171.6 ft., rf « 1° 48' 23". 

5. Find r and J, if A = 100° and f = 1 mile. 

Am. r = 4430.4 ft., d = 1° 17' 35". 



362. Location of the Carre. 

Fird Method. 

Let each of the arcs, Bp, ;*j, qr, ... be 1 chain, then 
will the number of degrees in 
each, or in the correa|>onding 
angle at the center, be equal 
to d t the degree of curvature. 

The angle A lip, formed by 
a tangent and a chord, i8 
measured by one-half the arc 
Up, and is therefore equal to 
Arf. 

Each of the inscribed angles, 
pHq } qBr, is measured by one-half the intercepted arc, 
and is therefore equal to Jrf. 

Having determined the point B t where the curve 
begins, the transitman sets his instrument at this 
point, and directs it to A. He then turns it an angle 
equal to Ar/, on the side toward the curve. 
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The chainmen then take the « l»o in. the follower 
placing his end at #, and the leader (having OBt the 
chain at full length toward A, is directed by the tmns- 
itman into line so as to locate the i>oint p, at which 
the axman drives a stake. 

The transitman again turns his instrument an angle 
equal to W, the chainmen advance, the follower plac- 
ing his end of tho chain at />> the loader again draw- 
ing out the chain at full length, it* directed l»y the 
transitman so as to locate the point q } at which the 
axman drives a stake, and so on. 

The last distance will usually not be 1 chain; but if 
n be the number of preceding deflections, the lant angle 
of deflection, since the sum of all the deflections is equal 
to }flsa \ a, will be equal to 

\A -JoV 

It is to be observed that the ohord is made equal to 1 
chain instead of the nrc; but as the radius is much 
greater than the chord, the arc and chord will not differ 
materially, and no appreciable error arises in practice, 



Second Method* 

Points on the curve may be located by the use of two 
transits, without the tue "I" the A 

chain, as may be desirable, in 
case the curve is to be located 
in marshy ground or shallow 
water. 

Let one transit be placed at B "~ " u 

B and another at D % the extremities «>f the curve. 

Direct the transit at B to A, the one at D to B, then 
turn each to the right an angle equal to Jd*. 




;'.(*; 
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The intersection of the lines will determine p t where 
the uxinan, directed by both transitmcu, drives a stake. 

In like manner other points can bo located. 

If A is visible from />, but not B, direct the transit 
:it D to A; then, to locate p t turn it to the left an angle 
equal to i-4 9 — J* q . 

To locate <j, turn the transit ut D from p to the 
right an angle equal to J</°, or from ,-l to the left an 
angle equal to i A — d° t and the transit at B to the 
right from p an angle equal to JW°, or to the right 
from A an angle equal to t/°, and so on. 

Third Method. 

Let B he the point where the curve begins. Take 
Bin equal to 1 chain. Then, 
to find the length of the off- 
set mp, complete the circle, 
draw the diameter BE, let 
fall the perpendicular, pn to 
BE, and draw pE. 

In the right triangle B/>E. 
Bp is a mean proportional 
between B E and Bn/ hence, 
BExBn= 'Bp 2 ; but BE = 
2 r, Bp = l t and Bn = mp, 

To find 7, produce Bji till ps = 1 chain, and draw (<\ 
tangent to the curve at ji. 

Then, vpo tpB - n\Bp 

For the first and second are vertical, and all tin- ml 
ir included between tangents and equal chords. 
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. ■ . */// '2 tiiP-p, . \ the arc 97— 2 HO mft 

Or, the area bung Email, do not differ materially from 
their chords, 

. ■ . &f — ■ 

Hence, to locate a curve by this method without the 
transit, commence at 11, where the curve is to begin, 
take Bm = 1 chain in the direction of the Ptrai<_rht 

track, make the offset mp =y , produce Bp till pe = 1 

chain, make the offset *q equal to twice the first offset, 
prodnofl ;*/ till the produced part = 1 chain, make an 
oflaot wjual to the last, and so on. 



Fourth Method. 
It is evident from the diagram that 

mp b= BC — nC. 
Rut BC=n and nO I r« — t*. 



.*. Tap = r 1 r- t z . 

By giving to J different values, other 
points of the curve can be determined. 

Fijih Method. 

It is evident from the diagram that 
mp — mC — Cp. 



<r 



Hut mC = } r* T t\ and C^> = r. 



•'• ■#*= 1 >-+^— r. 

In this method the offset is not 
made b4 right angles to the tangent, 
hut in a direction toward the center, which is supposed 

Ui be visible from 7/1. 
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The preceding methods apply to points of the curve 
1 chain or 100 feet from each other, which will be 
sufficient for the excavations or embankments. 

Before laying the track, stakes arc driven at points 
on the curve, distant from each other about 10 feet. 



363. Problem. 

To locate intermediate points on the curve. 

Let the diameter in the diagram be parallel to the 
chord, which is equal to 1 
chain — 100 feet, the ordi- 
nates a, 6, c, <f , e t /, e, d, c, b, a 
be 10 feet from each other, 
and t», w, x, y, z, y, x, tfl, v be 
offsets from the chord to the 
curve, corresponding to the ordinates 6, r, rf, e,f 7 e y d, c, b. 

The square of an ordinate is equal to the rectangle 
of the segments into which it divides the diameter. 




o 2 = (r — 50)(r + 50), a = V{r— 50) {r + 50). 
b = V (r — 40)(r + 40), v = h — a. 
c ^^/(r — 30)(r + 30), w = f — a. 

x =d — a. 

y = e — a. 



d = \ (r — 20)(r + 20), 
„ = l/(r — 10)(r + 10); 



364. Example. 

Find the radius of a 1° curvature, and the offsets 
from the chord of 100 feet to the curve. 



Ans, 



( r = 5729.58 ft., t> = .08 ft., w = .14 ft. 
t* = .19ft., y = .21 ft., z ==.22 ft. 
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TOPOGRAPHICAL SURVEYING. 



3G5. Definition and Method. 

Topographical surveying is that branch in which the 
form of the surface, the situation of ponds, stre: 
marshes, rocks, trees, buildings, etc., are considered 
and delineated. 

The surface is supposed to be intersected by hori- 
zontal planes equally distant from each other, and tin- 
curves formed by the intersection of the planes and 
the surface projected on a horizontal plane. 

These projections will be nearer together or farther 
ajiart, according as the slope of the surface approach* < 
a vertical or a horizontal position. 

The operations are of two kinds — field ojtcnttiim* and 
plotting, 

MA, Field Operations. 

Field operations consist in finding and recording 
points of the curves of intersection of the surface and 
the horizontal planes, the course of streams, and the 
situation of noteworthy objects on the surface. 

Range with the level, or transit theodolite, which 
is more convenient in topographical operations, stakes 
marked as in the annexed diagram, and cause them 
to bfl driven into the ground, at a horizontal distance 
from each other of 100 feet or less, varying with the 
inequality of the surface and the degree of accuracy 
with which it is desirable that the work be executed. 

Find by the eye, or by the instrument if necessary, 
the lowest point in the field, at which make a ; 
bench-mark, and assume for the plane of reference tin 
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u 

I 


>*. 


*>, 


»'. 


<3. 


c. 




B, 


»i 


B? 


> 




Sf 






A, 


A, 


A, 


£ 



boritoatd piano pose in? through Ihifl point, which wo 
will suppose to be C,. 

Place fchc instrument at 

MJOU 1 1 \ < ■ : i i i * i 1 1 »t:ition, .S, 

from which take tin- read- 
ing of tlic rod at C l<t which 
suppose to Ik? 10.378, and 
rater this as a backsight in 
the Sold notes. 

Take the reading of the 
rod at as many stakes as 
possible from the station S. Suppose these readings to 
be Cj, G.431; <7„ 1.214; D lf &235; D., 8,378) /'-,- 1-102; 
D A) 2.301, and enter these readings in the field not< - 
as foresights, placing the smallest reading, f'j, but, 

At 8 drive a small stake for a check. 

Subtract the foresight O* 6.481 from the backsight 
10.378, and enter the difference in the column of differ 
once, headed D,; also in the column of total diffen 
of level above t'„ headed T. D. L 

Subtract each of the remaining foresights from the 
next preceding one, and enter the results, with their 
proper signs, in the column D. 

Add each result to the previous total difference of 
level, and enter the results in the column T. D. L. 

The total difference of level for C s is also found by 
subtracting the foresight of C % from the buck sight of 
(\, which, compared with the result before found, will 
serve as a rhtrk. 

Move the instrument to S\ and take a backsight to 
the check .-lake (? t| and the foresights to as many of 
the remaining stakes as possible suppose nil of them 
and enter the readings in the field notes ,-is before 
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Subtract the first of these II reaigbte from the Kick- 
sight C A , and sulci the result to tho total difference of 
level for C s , und enter the sum in the minimi T.I). L. 

Subtract each of tho following fonBlghtfl from the 
next preceding foresight, and enter the r»r-uU, with it- 
proper sign, in the column D. t and add it to the next 
preceding difference of level, and enter the ?um in 
the column T. D. L 

As a check, subtract the foresight of B n from the 
backsight C 3 ; tho difference will be the height of 7?, 
above C a , which add to the former cheek number, 
which is the difference of level of C n and C u and tho 
sum will be the total difference of level of Ii s and C,. 

Compare the explanations of this article with the 

field notes of the following article. 

367. Field Notes. 



/:. S 


F. & 


D. 


T.D.L. 


It 












Ct 


0.000 




c { 


10.378 


c» 


G.481 


4-3.897 


c, 


:>:>: 








*>i 


8.235 


— 1.754 


T> x 


2.143 








i>* 


6.378 


+ 1.857 


D. 


4.000 








/>, 


4.102 


+ 2.276 


Dm 


MM 








B* 


2.304 


+ 1.798 


D< 


8.074 








o* 


VKU 


+ 1.090 


C a 


9.164 


Check 9.164 


ft 


MS) 


o< 


12.000 


— 2313 


c* 


0.851 








*i 


11.845 


+ 0.155 


B> 


7.006 








b 3 


5.184 


+ 6.661 


R, 


13.667 








B< 


8.314 


-3.130 


Bi 


10,687 








A* 


12.000 


— 3.686 


*i 


6.851 








A, 


11.321 


+ 0.C79 


A, 


7.630 








** 


10.987 


+ 0.334 


Am 


7.864 








•1. 


7.125 


+ 3.862 


A* 


11.726 








*, 


0.132 


+ 6.993 


B, 


18.719 


Check 9 555 


13.71H 
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3<>S. Plotting. 

Let the annexed diagram be a plot of the ground on 
which is written, with red ink, the height t*» truths, 
taken from the field notes, of the surface, nt each stake, 
;lIm»vo the plane of reference passing through C f . 

Let us suppose that the 
horizontal planes interscct- 
ii : lt toe surface are 4 feet 
apart. 

The intersection of the 
surface ami the plane 4 feet 
above the plane of refer- 
ence crosses the line -4, D x 
between the points B x C\, 
at a ]>oint 4 feet above C',. *l 

To determine this point, observe that the rise from 
C { to B x is 7 feet. Then the distance on this lino from 
C x to the jKiint where the height above (?, is 4 feet is 
found by the proportion, 

7 : 4 :: 100 : *, .-. * = 57.1. 

This method assumes the ascent to be uniform be- 
tween B t and O,; but this point can be tested and 
other points of the curve found as follows: s<>t up t!i<> 
instrument at .S". and make the backsight to C x 10.378, 
the same as before; then depress the vane on the rud 
4 feet — that is, to the reading 6.37S. 

Now let the rodman set up the rod at the point be- 
tween C\ and /?, determined from the proportion, and 
let the surveyor observe whether the horizontal wire 
of the telescope ranges with the horizontal line of the 
vane; If not, let the rod be moved a little toward #, or 
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C\ till they do range, and at tin: point thus determined 
1« t fi stake marked 4 Ijc driven by the ;ixin.m. 

Am inspection of Mm plot will BnOw that tho curve 
[lUJBUll between B. and C\ at ■ distance from C.. found 
liuin the proportion, 

9.8 : .1 :; 100 : x, .-. x- 1. 

Let the rodman advance toward tliis point, pausing 
:it one or two intermediate points, and at this point) 
whose poationB are definitely determined and marked 

In a similar manner determine where the carve 
crosses C s C s and trace it to i? 3 . 

In like manner, truce (lie curves of intersection of 
the surface and pluMA, 8 feet, 12 feet, and 16 feet abort 

the plane of reference, and let these curves be marked 
on the ground by stakes numbered iS, 12, and It;, re- 
spectively. 

The horizontal distance of i m A stake from two sides 
of a square can be measured and recorded. From this 
record the surveyor can draw the curves on the plot 
as exhibited above. 

369. Shading. 

The slopes may l*» repre- 
sented to tin 1 i'vi' by short 
lines drawn peqiendiculur 
to the curves, marking the 
int aieoo tion of the tnr&oa 
with the horizontal \<\. 
These lines are heaviest and 
<\< oeel where the slop 
si - peat, and Lighter whore 
- are less abrupt 
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370, Conventional Signs. 

The following conventional, though not altogether 
arbitrary signs, an used to indicate objects worthy 

of note : 



InA Gurdeui. 



KMdoWi 



FitfUi. 







; 



Doha 



VllirV;.,!. 



a 



II '>i«C'<Iil. 

1*1 Vl 



■ 

^ inii.mRoid, — - 

RM l*atti_ 

lUURoAd, i n i 

eiouc Bridge, .Z^^^^ 

SwpQDMlou Bridge. ',:':::' :::: - : :;. . * 
Carriage r-rJ, I- • r» * «*mJ 



.'I'i'.'i'i 

ill «i i* i * i * r 

t I I t.I L A . A, * . A- 

Oajkah 






Wwl Bridge, 

Pontoon Bridge, £^ 

Ilura- ) (■ — 



COM 4 Lome 

Q» WMoc Mill. -t IUUiimiI RMtak 
D ; SN.nn JBU. 3 T - v I ' 0* H <""'■■ 
-*• rmtomce. S Church. 
*ta 1M-I. A Uufim.1 nt 

X ftftrtwn Ifriur. f WaynuuJi. 
O Building, Wood. 4 Mils Blow. 

J BUfOT. 
If Eh Uad 



Btonv Dan 

4 Ltmd-m.nl.. -(mi... fi Liyhi-Ji.tiM, rcT. 

T » •• wood. | ■ JUsd. 

-<w ■ maiul. £i2 Bravom. 

£* Bunt')- BUOoo, ^» f a Baoya. 
OHi^ '«'P- *• — "iOVP i' 1 - 

>« czz^ Vo Gamut. 

9 on : o* 1 

5 Mercury • t 
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371. Finishing a Map. 

The points of compass are indicated as is usual, the 
top of the map denoting the north, etc-, etc. 

The meridian, both true and magnetic, BhottM be 
drawn, and the variation of the needle indicated. 

The lettering should be executed with care, after 
printcd models of various styles: 

The border may he made by a heavy line, relieved 
by a light parallel. 

The title, in ornamental letters, should occupy one 
corner of the map, with the name o( the locality, the 
dates of the survey and drawing, and the names of 
the surveyor and draughtsman. 

The scale of horizontal distances, for finding and com- 
paring distances on the map, and the scat* of ceMrurf&m, 
used in the smallest rae&Eurementa required in project- 
ing dimensions in the drawing, should be accurately 
drawn in some convenient position within the l>«>rder. 

Parallels of latitudes and meridians, in extended sur- 
veys, should Ik' drawn in their true position. 

BAROMETRIC HEIGHTS. 



372. Preliminary Remarks. 

The barometer ftfibidfl an approximative method for 
finding the difference of level of two stations. 
To attain to as great a decree of accuracy as possible, 

it is important to employ two tfood Imrometery. DOG :i( 

the lower and the other at the upper Btatfon. 

Befim usinjr the barometers, they should be carefully 
oompared by frequent trials, and the variation ouwer 
tainedf vphicfi u t* » be allowed for Bo the oheemtiotia. 
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Increased ueeur.-iry is attained by making repeated 
observations, and taking the mean of the results. 

To guurd against varying local condition? of the at- 
mosphere affecting pressure, beside difference of eleva- 
tion, the stations should not he distant from each other 
more than four or five miles; and the observations 
should bo mado when there is no wind. 



373. Bailey's Formula. 

The subjoined formula re«|uirefl a knowledge, at both 
stations, of the height of the column of mercury, its 
temperature- as indicated by an attached thermometer, 
the temperature of the air as indicated by a detached 

thermometer, and the latitude of the locality. 

Let d denote the difference of level iu feet; 

/, the latitude of the place in degrees; 

h, T, t, respectively, the height of the barometer, the 
temperature of the mercury, and the temperature of 
the air at the lower station; 

h' t T', t', respectively, the same at the upper station. 

Then, d = G0345.51 [1 + .001111 (t + t — 64)] 

h 



X (1 + .0020FI5 oofl %V) X Log 



V[l-f.0(X)l(7' T ] 

Let A = log {60345.51 [1 -f .001111 (f + ('— 04)];, 
B = log (1 +.002895 cos 2 / ). 
, f = log [i +.0001 (T 7 — T')l 
D= log ft — ( log h' , C). 
. • . log d = A + E + log A 

This formula [a applied by the aid of the tables; 
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374. Howlers Tables. 










7WW« A, for Detached Thermometer. 








f+r 


A. 


t+t 


A. 


A. 


*+r 


A. 




i s 


4.74914 


4fi° 


4.77187 


91° 4.7" 


188" 


181407 




2° 


.74988 47° 


.772M 


92° 


.79386 


137° 


.81453 






3° 


.75017 


48° 


.77880 


1 


.79442 




.81496 






4° 


.70089 


49° 


.77885 


94° 


.79489 


139° 


.81041 






5° 


.70120 50° 


.77384 


95° 




140 D 








6° 


.73173 M 8 


.77488 


96° 


.795*2 


141° 


.81680 






r 


.75223 02° 


.77482 


97° 


.79828 


142° 


.81674 






8° 


.75274 53* 


.77530 


93° 


.79675 


143° 


.81719 






9° 


.70826 54° 


.77579 


99 s 


.79721 


144° 


.81768 






10° 


.76877 


.77828 


100° 


.79788 


146° 


..H1807 






ll a 


.7.-1428 '• 50° 


,77677 


101° 




140° 


.81851 






12* 


.70479 57° 


,77785 


102° 


.79661 


147° 


.81890 






18° 


.76881 , 58° 


.77774 


103° 


.7!«H>7 


148° 


.81940 






ir 


.755*2 -v.* 


.77823 


104° 


.79953 


149° 


.81984 






r» 8 


.75033 , 00° 


.77871 


ln.V 


.79999 


150° 








is* 


.75T.K4 lil° 


.77918 


I06 8 




151° 








I7 a 


.75735 iW D 


"W.S 


107' 


.80091 


\SSP 


.82116 






18° 


.79786 


i,;>. 


.7M)1C 


lo-; 


.80137 


153° 


.82160 






i;»* 


.75W 


64° 


.78065 


109° 


.*»!*:{ 


154° 








20* 


.75*W 


65° 


,78118 


110° 


.80229 


155° 








2I o 


.75888 


6G° 


78161 


111 


.80275 


156° 


,82291 






... 


.:r,'.i<:» 


67° 


,78908 


1U 


>'i:J2I 


157° 


.82886 






23° 


.7tJo:iii 


<i*° 


.78287 


113° 


.80887 


158° 








24° 


.76000 


61P 


.78305 


114° 


.80413 


159° 


.82423 






25° 


.78140 


TV 


,78853 


115° 


.80458 


180" 


,89466 




26" 


.76190 


71° 


.7*4<)1 


ne° 


.80504 


1(51° 


.82510 




27° 


.76241 


72° 


.7M49 


117" 


.80550 


168° 


,82553 




28° 


.76291 


73° 


.78497 


118° 


.80585 


HJ3° 


■. "7 






29 s 


.76842 


74° 


.78544 


119' 


.80641 


164° 


,82648 






«o° 


.76893 


75° 


.78582 


iw 


.SIMlStJ 


it;-/' 


• *4 




81° 


.76443 


7(S° 


.78640 


l-.'l 


.80731 


166° 


m 




83" 


.76498 


77° 


.78687 


122 


.80777 


Ki7° 


.82770 






88* 


.76543 


7<' 


.78735 


\->r 


.80822 


168 


B2814 






34 c 


76593 


79° 


.78782 


124° 


.80867 


169° 


.82867 






35° 


76643 


80° 


.78880 


I2.V 


.80918 


170° 


900 






86" 


76893 


81° 


,78877 


i 86 1 


.80958 


171° 


.829*8 




37° 


.76742 


W 


.78925 


i»r 


.81008 


17l' j 


.82966 








.76792 


88° 


.78972 


128° 


.SUMS 


178° 








39° 


.76843 


84° 


.79019 


129° 


.81098 


174° 


.88072 






40° 


TCS'M 


85* 


JiMHiO 


180 


.8)13* 


17.V 


.83115 






41 D 


.769*8 


*<r 


.78118 131" 


.81188 


17-1 


,88158 






42° 


.76990 


87° 


.79160 132° 


.81228 


177° 


>:wn 






4:; : 


.77089 


38 


.79207 


.81278 


17*" 


.-;;_Mt 






44° 


.77080 


sir 


,792M 134° 


.81817 










45° 


-77188 




.79801 


.81842 


180 
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7b6fe B, /or LtititHtU. 






1. 


B. 


t. ft. K 


Ti. 


I 


/*. 






0° 


0.00117 


27° 0.000C9 


:,u 


1.999H0 


59° 






3° 


.oono 


30 a i .00058 


61° 


.99970 


W .99041 






6° 


.00114 


33° 1 .00048 


62° 


.99972 


G3* .99931 






9° 


jiDiii 


30° .00036 


63° 


.99968 


6tf° 1 .99922 






l-: : 


.00107 


:\\v 


,00024 


54° 




w 


.99918 






15° 


,00101 


42- 


,00012 


:,:,' 


.•XYX,\) 


7.V 








ISP 


.00005 


45° 


.00000 


;.<;- 


.99956 


so' 


.Oi'y.'fi 






21° 


.dim-:; 


48° 


1 99988 


67° 


.99952 


86° 


99886 






24° 


.oowa 


49 s 


.110084 


68° 


.00040 


\nr 








7W« C, /or an Attached Thermometer. 






T—T 


a 


7— V 


C. 


T—T' 


a 


T—T' 


a 




0° 


(UHHMI 


12" 


. 


24° 


0.00104 


3«° 


0.00160 




1° 


.ooow 


13 s 


.000.% 


25° 


.00108 


37° 


.00161 






2> 


.00009 


14° 


.000(11 


26° 


.00113 


38° 


.00105 






3° 


.wont 


15° 


,00065 


27° 


.00117 


39° 


,00169 






4° 


.00017 


16" 


.00060 28° 


.00121 


40° 


.00174 






6° 


.00022 


17° 


.00074 


20° 


.00126 


41 a 


.00178 






6° 


.WM»2t; 


18° 


.00078 


. 30° 


.00180 


42" 


,00188 






7° 


.00030 


19° 


.00089 


31° 


.00184 


48° 








8» 


.00035 


20° 


.00067 


32° 


.00130 


44° 


.ooioi 






0' 


.oooso 


21° 


.00091 


33° 


.00148 


I.V 


.00105 






!(»' 


.(HHMX 


22' 


.00095 


34° 


.00148 


46° 


.<«>2<K) 






ir 


.00048 


2:{ J 


,00100 


35° 


.00152 


47' 


,00904 




MS. Examples. 


1. At the mountain Guanaxnato, in Mexico, lat 21°, 


Humboldt made the following observations: 


Ijouvr Station. Upper Station. 


Barometric column, h = 30.05, // a 23.G6. 


Attached thermometer, T = 77°.0, V = 70°.4. 


Detached thermometer, t = 77°.6, f = 70° .4. 


log d = ^1 + B + log />. 



BAROMETRIC HEM UTS 









log h (30.05) = 1.47784 A = 4.81940 

log A' (23.66) = 1.37402 B = a00087 

Table C gives (' . (MHMK',1 log. /J = 1.01408 

log A'+C = 1.37433 log. d = 8 83 
/> = log A- (log fif+Cj - 0.10351 .-.<£ = 6843 ft 

'2. Kind the difference of level of two stations, hit. 42*, 
from the following data: 

h « 80, 7 1 = 76°.5, t = 75°. ) 

H = 25, T'= 70°.3, *'= 70°. / Am ' 5195 ' ft 

3. Find the difference of level of two stations, lat. 45°, 
from the following data: 

h = 29.2, T = 80°.3, t = 80°. \ 

A'=27.1, r^-77\i. t=TT J At* 2149.9 ft 

4. Find <J, lat. 60°, from the following data : 

h = 29, T ^ 60°.l, t = 60°. ) 

ff = 28, F= 59°.l, r'= 59°. 1. / Au *- 9738 ft " 

376. Leveling with one Barometer- 
Take the observations at the lower station, then pro- 
reed to the upper station and take the observation- 
there, ami note the interval of time which has inter- 
veiled, then go back to the lower station and at the 
expiration of an equal interval repeat the observations. 

Reduce the mercurial column of the second observa- 
tion at the lower station to what it would have been 
at the temperature of the first oboervation, on the 
principle that mercury expands or contract? .0001 of itfl 
volume for each degree of increase or diminution of 
temperature. 

Then take the arithmetical mean of this reduced 
height and the first observed height for the helghl 
the lower station, the mean of the t e mperature denoted 
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by the detached thermometer at the lower station for 
the temperature of the air at that station, and the 
temperature denoted by the attached thermometer at 
the tirst observation for the ti'iii|K?rature of the mer- 
cury, then proceed as if the observations had been taken 
with two barometers. 

377. Examples. 

{ ( 1st obv., A - 29.62, T = 56°,5, I - 56°. 

1. J Uy9m Sta ' 1 2d obv., A = 29.63, F = 63°, t = 61°. 

( Ut 41°.4; upper sta., //--- 28.94, T-- 57°.5, ^=57°. 

Reduoiug h of 2d obv. from T= 63° to r=5G°.5, wo havo, 
I; duoed h = 29.63 (1 — 6.5 y .0001) = 29.611. 



Mean 



Mean 



A = 



t = 



29.62 29.611 



66' 



2 
61 



= 29.6155. 



= 58°.5. 



.*. t + t =5S°.5 4-57° - 115°5 

and T — T - 66°.5 — 57 Q .5 — 1°. 

tog A (29.6156) 1.47152 A 4.80481 

log A 1 (28.94) = 1.46150 B - 0.1 DOM 

C = — 0.00004 log /> =2,00260 

logA'-fC = 1.46146 logd «U0NH 

Z>-logft — (log//+C) = 0.01006 .-. r/ - 642 feet 

lflfcobv., ft 89:7, T-60 o , «=a&°. 
2d obv., A =29.75, r = 66°, * = 66°. 
lL.it. 40°; upper sta. «'_ 2S.G, 7"-- 62°, 1=02°. 

^ti*. 4 _ 1077 ft. 

/ | 1st obv., A 29.6, r = 50°, £ = 50°. 

3. \ Lower st:L I 2d obv-, A 29.66, r 46* I M» 

[Lat. 50°; upper sta. A'=27.G, 7"- 45°. « 45°. 

^Itw. d = 1909 ft. 
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NAVIGATION. 

PRELIMINARIES. 

378. Definition and Classification. 

Navigation is tha iirt of ascertaining the place of a 
ship at sea, and of conducting it from j>ort to port, 

There are two methods of finding the place of a ship: 

1. By dead reckoning; that is, by tracing from the 
record the courses and distances sailed. 

2. By Nautical Astronomy ; that is, by deducing the 
latitude and longitude of the place of the ship from 
celestial observations. 

The first method Is subdivided into the following! 

Plane sailing, parallel sailing, middle latitude sailing, 
Mcreator's sailing, and current sailing. 



379. Tlia Mariner's Compass. 

The magnetic needle rests on a pivot, so as to turn 
freely. 

The compass box is suspended by gimbals or rings, 
turning on axes at right angles to each other, thui 
securing a horizontal position notwithstanding the roll- 
ing motion of the ship. 

A circular card, whoso circumference is divided into 
thirty-two equal parts, called point*, each of which is 
(8811 
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subdivided into foar equal parts, called fmaiter paimtM, 
rests upon the needle, with which it lurn* fr>.^>. 




N. ft. EL ifl read north by east ; A* X, £, north north- 
east, etc. 

880. Table of Points and Angles. 





North. 


South. 


A nglc*. 1 


1 


N.b.E. 


N.b.W. 


S.b.E. 


S.b.W. 


11° 15' 


2 


N.N.E. 


N.N.W. 


S.S.E. 


s.s.w. 


22° 3a 


3 


N.E.b.N. 


N.W.b.N. 


S.E.b.S. 


S.W.b.S. 


33° 45' 


4 


N.E. 


N.W. 


S.E. 


s.w. 


45° C 


5 


N.E.b.E. 


N.W.b.W. 


S.E.b.E. 


S.W.b.W. 


56° 15' 


8 


E.N.E. 


W.N.W. 


E.S.K. 


W.S.W. 


67°3(y 


7 


E.b.N. 


W.b.N. 


E.b.S. 


W.b.S. 


78° 45' 


8 


E. 


\V. 


E. 


\v. 


90° a 1 

_. . . i 



Note 1.— J point = 2° 48' j, J point = 5° 37'£, J point 
- z 8° 2G'J. 

Note 2. — The compass is placed near the helm, at the 
stern, and the line from tho center of the compass to 
tlio ship's head indicates the track of the ship. 



PIlEUMrXARIKS. 

381. Variation and Deviation of the Compass. 

The variation of the compass is the angle included be- 
tween the magnetic meridian and the true meridian. 

The amount of variation is ascertained by Nautical 
Astronomy. 

The deviation of the compass is the deflection of the 
needle from the magnetic meridian, caused by the iron 
in the ship. 

The amount of deviation is ascertained by special 
experiments. 



382. Course, Leeway, Rhumb Line. 

The compass coarse of a ship, at any point, is the 
nn^le which her track makes with the magnetic me- 
ridian at that point. 

The true conr»e of a ship, at any point, is the angle 
which her track makes with the true meridian at that 

point. 

In the coinimss course, the deviation is supposed to lie 
ascertained and allowed fur, but not the variation; but 
in (he true course, both the deviation and variation. 

The leeway is the oblique motion of the ship, 
by a side wind driving the ship along a track oblique 
to the fore-and-aft line, and therefore not indicated by 

the compass. 

The amount of leeway, under a wind of a given 
obliquity and velocity, for each ship with a given 
freight, is best found by trial. 

A rhumb line is the track of a ship which continues 
to make the same angle with the meridians. It is also 

called a hufnif'tviif niTxr. 
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Since the meridians converge, the rhumb lino is A 
spiral curve. 

In what follows we shall suji|his,. that proper allow- 
ances have bean made for the variation and deviation 
of the com [kins and, therefore, that the courses given 
an; the true courses. 



383. The Log and Log Line. 



annexed, is a board 
radiUB is about six 




The log, a drawing of which is 
in the form of a quadrant whose 
inches, the circular part of which 
tfl loaded with lead, ^uflicient to 
give it a vertical position and to 
cause it to sink ho that the vertex 
shall be just above the surface. 

The log line is a Hue about 120 fathoms in length, 
and so attached to the log as to keep its face toward 
the ship, that it may, by the resistance it encounter* 
from the water, unwind the line from a reel as the 
vessel advances. 

The log line is divided into equal parts called knob, 
each knot being yA-p of a nautical mile, or 50j feet. 

The Lime is measured by a sand glass, through which 
the sand pusses in T i T of an hour, or in 4 of a minute. 

Since the number of knots in a nautical mile is 
equal to the number of half -minutes in an hour, it 
follows that the number of knots run off in half a 
minute is equal to the number 61 miles the ship i^ 
Bailing an hour. 

The divisions of the line arc? marked by strings pass- 
ing through the line and knotted, the number of knots 
in the siring indicating the number of parts between 
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it un<I Unit point of the line whew the divisions com- 
iiM n<e ut that end of the line next to the log. 

The stray line is about 10 fathoms of the end of 
(In- line from the log to the point where tin 1 divisions 
begin. This portion allows the log to settle in the 
water, clear of the ship, before the measurement of the 
rate begins. 

The termination of the stray lino is marked by a 
pietM of red eloth. 

Tiif sanil -_•! tss is turned the instant this rloth passes 
the reel, which is stopped the moment the Band hftl 
run out. 

The number of knots on the string which marks 
the last division run from the reel, indicates the rate 
of sailing. 



PLANE SAILING. 

3S4. Single Courses. 

Let P be the pole of the earth; RQ, 
the equator j AD, a rhumb line divided 
into AB, BC t CD, etc., parts so small that 
wc may regard them as straight linee; 
and the triangle* ABE. BCF, CDG, plane 
triangles and similar, which give the 
continued proportions: 

AB : AE :: BO : BF :: CD : CG. 

AB : KB :: BC : FC :. CD : GD. 

Since the sum of the antecedents is to the sum of 

the consequents 03 one antecedent is to its consequent, 

we have, 

AD : AE+BF+<'<; AU : AE 

AD KB \ Fc j QD AB KB. 

a n 
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Now let a right triangle, ABC, be con- a d n 
structed, in which C is the course or the 
angle which the rhumb line makes with 
the meridian, r — CD = AD t the rhumb 
line of the first figure; / =. CA = AE + 
BF + CG = difference of latitude ; d — 
AD = EB + FC + QD= the sum of the elementary 
departures. 

We may now, without supposing the ship to sail on 
a plane, replace the surface on which it actually sails 
by a plane surface, and hence the name plane sailing. 



385. Table of Cases. 





Given. 


Req. 


1 


r,C, 


1, d. 


2 


r, I, 


0,d. 


3 


r, d, 


C,l. 


4 


0,1, 


r,d. 


5 


C,d, 


r, I. 


6 


I, d, 


r, C. 



Formulas. 



I = r cos C, d = r sin C. 
I 



cos C = — , 



sin C = — , 

T 



r = 



r — 



I 
cosC 
d 

sinC' 



d=Vr*— I*. 



l=Vr*—d*> 



d = I tan C. 



1 ~ tan C 



r—VP+d*, tanC=- 



Note 1. — I in miles may be reduced to degrees by 
dividing by Gil 

Note 2. Examples in case I. may be solved by the 
Traverse table. 



PLANE SAILIXQ. 
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386. Example. 

1. A ship sails 105 miles N. E. by N., from latitude 
50°; required the Latitude in which tin.- ship then it, 
and the departure mode. 

Am. 51° 8TJ N., d =58.34 mi. 

2. A ship sailed between S. and \V 148 miles, mak- 
ing the difference of latitude 1U.4; required the course 
and the departure made. 

Ant. 3A pts. W. of S. t d = 9&S mi. 

3. A ship in latitude 3° 52' 8. sails between N. and 
W. 1065 miles, making a departure of 938 miles; ro- 
qulred the course and the latitude in which she then is. 

Am. N. w. b. W. ;w.. tat 4° 30* N. 

4. A ship run from latitude 38° 32' N. to latitude 
30° 56' N. on a course S. E. by S. j E. ; requited the 

■ died and tin- departure made. 

Am, / - 129.66 mi., d^ 87-009 mi. 

5. A ship sailed S. 56° 47' E. from latiLude 50° 13' N. 
till her departure was 82 miles; required r and lati- 
tude in. Ans. r = 98 mi., lat. 49° 19* N. 

6. A ship ben latitude 36° 12' N. sails between 8. 
and W. till she is in latitude 86° 1' N., having made 
78 milt's of departure; required r and C. 

Am. r=*10J mi., C=S. 4G° 57' V7. 



387. Compound Courses. 

A compound course or traverse i« the zijzzag course 
nhieh i ship usually takes In i voyage of consider- 
able length. 

Working the traverse is the oomputation of a 
course and distance from the place of departure to Kike 
place of destination. 
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To do this, find by the Traverse table the latitude 
departure of each coarse. TIm di£ i E the 

Mini of the northings and tin.- mini of the southings 
will be the latitude of the single oourae required, and 
the difference of the sum of the MBtiogB itnd the Mini 
of the westings will be thr departure, botli of tin name 
of the greater. Then proceed as in last article. 



388. Examples. 

1. A ship sailed from latitude 51° 24' N. as follows: 
S. K. 40 miles, N. E. 28 miles, 8.W. by \V. 53 mil -, 
N. \V, by W. 80 miles, S. & B W miles, S. E. I.y K. .-.< 
miles; required the latitude in, and the single equiv- 
alent course and distance. 

SdtUian. 



Courses. 


Dut 


A* L. 


S /-. 


E /> 


ir. i). 


8. E. 


40 




2.S.3 


2S.3 




N. B. 


28 


19,8 




19.S 


43.2 


B.W. b.W. 


52 




28.0 




24.0 


N.W. b. W. 


30 


1&7 








s. S. E. 


36 




33.3 


13.8 




S. E. b. E. 


58 




32.2 
L22.7 


48.2 








3b\5 


1 10.1 










56.5 


88.1 








66.2 


42 





d 42 



taaO=j 



86.2 



25 c 50 



o r;o' 



r i r- vl r- . 515.87 mi. 



f«863 mi. = 1°26'. 



51° 24'— 1 C 2<T 19°58 X. 



l 2. Given the following courses and distances; S. \\\ 
R \V. 68 miles, 8 bj W 16 miles, W. 18. 40 miles, B.W, 



PABALLBl 8AHJK6 

|W. 98 miles, s. by B, M mil-. B | B. M arilee; re- 
quired /, C, and r. 

hu / = 1° W , r- S. 43° 14' W., r i. r >.s mj 

3. A ship, from latitude 1° 12' S., ha* Bail 
lows: E. by N\ A N'. *<> miles, N. J K. .NO mi lee, S. by B. 
JE. 9ft mile* N. IE. (>S miles, E. S. E. 40 mike, N. N. 
W. \ W. $0 miles, E. by B. 65 miles; required tho lati- 
tude in, C, and r. 

Am. Lat. in,0°-ls N., Q - 61° 47' E„ r = 193.8 mi. 





PARALLEL SAILING. 



389- Urliiiiliiiii and Principles. 

Parallel sailing is thai rase of sailing in whlcfc the 
track is nn a parallel of latitude. 

Let EFQ he the equator; 
QAB t Um parallel of Ibe braekj 
r _ /i# = tin- dwIoiiOQ Bailed; 
I# — FQ = the difference of longitude ; 
/ = qb =the latitude of the inch. 

Since similar ares are to each oilier ns their radii, 

(1) DB ; CQ :: AB : i-V>. 

Consider fehfl radin- < 'O ,i- the unit of the first couplet. 
then /'/J "ill !h- the natural co-sine of latitude; and take 
1 mile ns the unit in the second couplet, put r for All. 
L for VQ, thru 1 1 ) becomes, 

(2) coe/ : 1 :: r : L, .'. (3) /. / 

W« can compute L in (8) by taking nat. cos /, or 
hy introducing R and taking log. cos /. In either case 
£ will be found in miles tiaoe r is given in miles; 
hut £ can be reduced to degrees by dividing by bX). 
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t: 1 :: r' : lj 



cos ( : cos T :: r J r\ 



Le1 r and r*, measured on the parallels whose latitudes 
are I and /', respectively, be the distances bctwoon two 
meridians whose difference of longitude ie L. 

COS I : \ :: r : L, 
txmtf 

Hence, The Ortomoa klirccn (wo meridians, measured on 
nt i»"--dld$i are as the co-sines of the latitudes of those 
pfxraUds. 

To find the length of a degree of longitude on any 
parallel, observe that at the equator 1° of Ion. = 60 
nautical miles, and that cos 1 = 1, then we shall h I 

1 : cosT :: CO : /, . •. ¥ = GO cos V. 



390. Examples. 

1. A ship in latitude 49° 32' N. f and longitude 10° 
16' \Y\, sails due W. US miles; required the longitude 
arrived at. Ana. 15° is' W. 

2. A ship in latitude 53° 36' N., and longitude 10° 
is' E., sails due W. 236 miles; required the longitude 
arrived at. Am. 3° -10' E. 

3. A ship in latitude 32° N. sails 6° 24' due W.; re- 
quired d. Am. d — 325.6 mi. 

4 A ship sails 310 miles from longitude 81° 3C \V. 
to longitude 91° 50* W. ; required the latitude of tin- 
track. Am. 59° 41'. 



MIDDLE LATITUDE SAILING. 

391. Definition and Principles. 

Middle latitude sailing is a combination of plane sail- 
ing And parallel sailing, on the supposition that the 
departure in plane sailing is equal to the distance 
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between the meridians pouting through the tuttemc 
pointfl of the rhumb lino, measured on tin- middle 
parallel between these point* 

Let AI> \h- a rhumb line; /A" the 
middle parallel; m, the latitude of IK; 
then d = EB +FC + 9D- IK 

For r, formula (3), parallel sailing, 
Bubstitudo d or its value as found in 
plane sailing; and for cos I substitute 
cos m, then we shall have, 

d 




L = 



rsin C ir 1 -!' I tan 



cos m cos m cos m cos n 

Xnte 1. — Remember that in these formulas / denotes 
the difference of latitude; L, the difference of longitude 
in miles; tl, tlie departure; r, the distance run or the 
rhumb line; <\ the course, and m, the middle latitude. 

2. — The middle latitude is the half Buns of the 
extreme latitudes ; or the less latitude, plus the half 
difference of latitude; or the greater latitude, minus 
the half difference of latitude. 

Not* 3.— That the departure is not strictly equal to the 
middle-latitude distance between the meridians, through 
the extremities of the rhumb line, is thus shown: 

Suppose a ship to hail on this middle latitude from 
one of the meridians to the other, then the dista 
sailed will be the departure ; hut if a second ship v.< )• 
to sail from a lower latitude on the first meridian, 
and a third ship, from a higher, to the sarin place, 
the departure of tin- s.-emid would bo greater, and the 
departure of the third would he less than that of the 
first. 

It is iv, therefore, to make the correction for 

middle latitude as found in the table for such corrections. 



392 



FAVI'iATtOy. 



The following ie the rule for correcting the middle 
latitude . 

Add to the uncorrected middle latitude the oorree- 

fcjon found in the table under the difference of latitude, 

and opjMisite the middle latitude — the sum ui' is the 

ted middle latitude. 

rf r sin 1 r»— J» I tun 



coa m' coe ra' 



cos ;/i 



com m 



393. Examples. 

1. A ship from latitude 51° Iff N., longitude 9° 5C 
W., sails S. 33° 8* W. 1024 miles; required the latitude 
and longitude in. 

I = r coe C, . -. I = 857.4 mi. = 14° 17'. 
. ■. 51° Iff— 14° 17'= 37° 1', the lat. in. 
J(51° 18'+ 37° 1') =44° 9J'=mid. lat., correction = 27. 
44° W -f 27' = 44° 36^' = m'= corrected mid. lat. 



r sin C 

La = y- * 

cos m 



L = 736.3 mi. =*= 13° 6', 



9° 50' + 13° 6'= 22° 56' W., the Ion. in. 

2. A ship, from latitude 52° 6' N., and lonpitude 35' 
6" W., sails N. W. by W. 229 miles; required the lati- 
tude and longitude arrived at. 

Am. Lai. 54° 13* X. and Ion. 40° 23' \V. 

3. A ship from latitude 49° 57' N.. and bngitudfl "° 
XV W.. saiU between S. and W. till she is in latitude 
38° 27' X., when she has made 440 -miles departure; 

r"'|uiiv.I (\ r, and the lonpitudr in. 

Aria. C = S. 32° 32- W. ; r = 818 mi. ; Ion. in, 15° 2tf W 

4. A ship from latitude 37° N., longitude 22° 5ff W., 
Mile N. 33° 19' E. till she is in Latitude 51° Iff N". 
What longitude is dlfl in? Am. 9° 45' W. 
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BOB 



5. A ship fn.m latitude 10° if V., longitude 16° 37 
W., sail* between N. and E. till she is in latitude 18° 
57' X.. nnd 6nde ttv&t she baa made 248 miles departote; 
required <\ r, end longitude in, 

J,**. C=5l°41' E.; r=-31G mi.; Ion. in, 11° W. 



MERCATOR'S SAILING, 



303. Definitions nnd Principles. 

Mercator's chart, so called from its originator, Gcrrard 
Mcrcatnr, a Fleming, who first published it in 1566, is 
a representation of the surface of the earth on the sup- 
|x>sition that the earth is a cylinder. 

The meridiana are thus represented parallel and 

every-where too f;ir apart, except at tlie equator. 

To guard ax much ;i~ i-nr^ihle against distortion, the 
distances between the parallels are proportionally in- 
■ r used. 

the surface is thus relatively magnified more and 
more toward the poles. 

Mercator's sailing is the method of computing the 
difference of longitude from the principle on which 
Dfercator'fi ohart is projected. 

The mathematical theory of this method WU devel- 
oped, and the 7V./. « f Meridional P/irts, necessary to its 
application, computed by Edward Wright) an English- 
man, in 1699. a» n' 

Let OA and AB, respectively, bo the dif- ■* 
008 of latitude and departure corre- 
sponding to the rhumb tine CB, and let 
CA 1>" produced to A' till AT/, the eorn- 
snowting departure, is equal to the difll r- | 




394 



NAVIGATION. 



ence of longitude of C and B. CA' is called the merid- 
ional difference of latitude, which is simply the proper 
difference of latitude increased till the corresponding 
departure is equal to the difference of longitude corre- 
sponding to the proper departure. 

To find the meridional difference of lati- 
tude, let Cb, hd, df, ... be indefinitely small 
portions of the rhumb line CB. Ca, be, de, 
... corresponding differences of latitude; 
ab, cd, ef, ... corresponding differences of 
departure; Ca', be', dJ, ... corresponding 
meridional differences of latitude ; a'b', c'd', 
tff, . . . differences of longitude corresponding to the 
departures ab, cd, ef, ... whose latitudes are /, l' y l" t . . . 
Then, as found in Parallel sailing, 




ab : a'b' 
but ub : a'b' 
' . cos I : 1 

1 



: cos I : 1. 
: On : On'. 
: Ox : Ca\ .*. W = 



Ca 



cos I 



but -. -- sec L .' . Ca' = Ca sec I. 

cos / ' 

In like manner, be 1 = be Bee. l\ 

de' = rfe sec I". 



But CA' = Ca' + be* + def + ... 

Substituting the values of Ca', brf,de f , ... and making 
Ca = be =r de =■= ... — 1', we have, 

CA' = sec / + sec V + sec F+ . . . 

Commencing at the equator, and putting to. p. for 
meridional parts, and taking natural secants, wc have, 

m.p. of 1'- sec 1'. 

m.p. of ^ = ace 1' + sec ?. 



MEHCATOW8 SAILING. 

m.p. of IT - sec. 1*4 KG -" B8G 3'. 

p, of A' = sec f -|- sec 2' -|- sec 3' -f- 6CC 4'. 

By substituting and condensing, we haw. 

m. p. of r = i.ooooooo = 1.0000000 

>;i. p. of 2' = 1.0000000 + 1.0000002 = 2.0000002 
w.j>. of 3' - 2.0000002 + 1.0000004 = 3.000000G 
m. p. of 4' = 3.0000006 -f 1.0000007 =■ 4.0000013 






The accuracy of the result is increased by taking the 
parts still smaller, aa V. 

Having found the meridional latitude correspoiuliiiL' 
to C, and also to A f their difference will be the merid- 
ional difference of latitude found from the table ; and 
the corresponding departure, A'I? t will be the differ- 
ence of longitude. 

Denoting the proper difference of latitude O/l by /, 
the meridional difference of latitude by l\ the departure 
AB by '', and the diflerencc of longitude A'W by L, the 
triangles CAB and CA'if give, 



tan r :: r : /. • L = t tan C 



d : : V : L, 



L = 






304. Examples in Single Courses. 

1, A ship from latitude 52° 6' N., and longitude :::>" 
C W., Bftilfl N. W. by W. 229 miles; required the lati- 
tude and longitude in. 

!=* cos 0= 228 oca B6° Iff, .. 1= 127.8 mi. = 2° 7'. 

lat. in = 52° 6" N. + 2° 7 N. = 64° KV X. 
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m. p. of 54° 13' - 38CS , But L - ■ ?' tan Q 



n. |x. of 62° - 365' 



J'= 211 



. . /, 211 km 56° IK 
or I = 31&8rai. 5* 10'. 



Ion. iu = 35° 6' W. -f 5° 16' W. = 40° 22 \\\ 

2. A ship from latitude 51° 18' N., and longitude 9° 
50 \\\, sails s. 83° ff W. 1024 miles; required the lati- 
tude and longitude in. 

Ana. Lat. in 37° V N. ; Ion. in 22° .50' U\ 
8. Required the course and distance from Dshant, 
latitude 48° 2N' N., Longitude 5° 3' W., to St. Michael^ 
latitude 37° 44' N., longitude 25° 40' W. 

^tw. S. 54° .W W., r = 110(1 mi. 

4, A ship from latitude 51° 0' N. Rails S. \V. 1>. W. 
216 mil—; required the latitude in, and the dillerence 
of Longitude made. Am, Lat. 40° 0' N., £=4° 30'. 

5. A ship sails from latitude "7° N., longitude 22° 
off W., on the course N. 33° 19' E., till she arrives at 
latitude 51° Iff N. ; required the distance sailed and 
the longitude arrived at. Ana, 1027 mi-, lon.9 47' \Y. 

ft A ship Bailfl N. E. b. E. from latitude 42° 28' X.. 
and longitude 15° B W., till she finds herself in Latitude 
46° 20' N.j required the distance sailed and the longi- 
tude in. An*. Diet., 423 mi. ; km. C° 56' W. 



195. Examples in Compound Courses. 

1. A ship from latitude 60° 9' ft, and longitude 1° 

7 W. ( sailed as follows: N. E. b. N., G9 miles ; N. N. E., 
48 miles; N. b. W. |W., 78 miles; N. E., 108 mils; 
S E. bi E., * r >0 miles; required the latitude and longi- 
tude in, and the direct course and distance. 
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Gwmw. 


tn<a. 
89 


A L 


S /.. 


L<tf. 


HI. J). 


,„.,(./. 


& /.. 


li- / 


N.F..b.N. 


.'.:.i 




etw 


462fi 








K.N. B. 


l< 


44 4 






4H41 


110 


77.5 




N.I.U.'W 


78 


7 1/. 






4::;:: 


OS 


3«.l 




N E. 


10S 


HA 






1896 


162 




40. 


6-K.b.E. 


so 




27.K 




torn 

.'it hi;: 


173 

i 1 


17-.0 

• 








&3J 








B7.S 















l>if. lat. = * = 225mi.-3°45'X. 



to. 



Lai Left - 60° 9' N. 

Hit: Lot. = 3° jg v 
Lat. in - G3° 54' N. 



Dlf, Ion. 
Dif. Ion, 
Lon.3eft 

Lon.in —4° 27' & 



I 834.4 mi. 
5° 34' E. 
1° 7'W. 



„..,,. of lat, in (63° WO -5005. 

Hl.p.nfhll. feft (00° <f, 

Meridional dif. lat. = f = 480. 



n L 334.4 
tftnC= 7^480" 



c= 



/ 



225 



ooe 84° &ff 



N. 34° 53' E. 
r 273 mi. 



2. A ship from latitude 3S° 14' N., and longitude 25' 
"»*■ \\\, lias sailed (bo following eoureefl i N. E. 1*. N. JE., 
56 mUes; N X. W M 88 miles; N. W. b. \\ '.. 46 milfcSj 
- S. K. BO miles; S. I'. W. t 20 miles; N. E h. N , BO 
mill's ; requited tin- latitude and longitude in, and the 
dinvt mii.l'Ii- course and distant'-. 

I. Lat. in, 40° 2'. 8 N.; Ion. .in, 25° 30' W.j 
C= N. 10° 33' E., r - 110.2 mi. 

396. Correction for Middle Latitude. 

We are now pMpared la imdentaud bow (In- ooiree 

tion ("r lni'lillc latitude, before used, it Found. 
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I denotes the proper difference of latitude; 

l' } the meridional difference of Latitude; 

L, the difference of Longitude; 

in, the middle latitude uncorrected; 

r, tin* correction ; 

m', the middle latitude correct''!. 

Then, by Plane, Middle latitude, and Mercator's sailing, 



d L cofl to 1 



L 



cos m = y 



From which nV is readily found. 
Then, c = w' — m. .', R' = t»^-ft 



CURRENT SAILING. 

3i>7. Definition and Principles. 

Current sailing is the sailing of a ship as affected 
by a current 

Irrespective of the current the ship would move, in 
a certain time, a certain course and distance. 

The current alone would carry the ship, in the same 
time, a certain other coarse and distance. 

The actual track of the ship, which ifl the resultant 

of the two, will bring bet to the same position at If 
she had sailed separately the two tracks. 

Current sailing may therefore he treated a> Plane 
sailing, compound courses. 

The set of the current h its direction. 

The drift of the current is its velocity. 

The Pet and drift of a current may be ascertained 
by taking, a short distance from the ship, ;i boat, uhirh 
is kept from being carried by the current hy letting 
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down, to a considerable depth, a heavy weight, which 
is attached by a rope to the stem of the boat. 

The log being thrown from the boat into tin current, 
the direction in which it is carried, or set of the cur- 
rent, is determined hv t!i«- l*>ut compass, and the rate 
at which it is carried, or drift of the current, by the 
number of knots of the log line run out in half a 
minute. 



398. Examples. 

1. A ship sails N. W« a distance, by the lop, of GO 
miles, in a current that sets 8 S.W., drifting 25 miles 
in the same time; required the course and distance. 



Cwrm. 


Di • 


K. L. 


8. L. 


I-. D, 


ir.A 


B. & W. 


GO 
25 


42.4 


23.1 




42.4 
9.6 



> n d 52 



19.3. d 52. 

.-. C=N. 69° 38 W. 



r = i^»+rf»=l (19.3)*+ (52) a = 55.5. 

'_'. A ship, sailing 7 knots an hour, is hound to a port 
bearing S. 52° W., through a current S. S. K., 2 ruilcs 
an hour; required th« course. M 

Let AB lx? the direction of the 
port. 

AE, the direction of the current, 
= 2. 

AD, tho required direction, 7. 

Complete the pftralldognun, DBA 
= BAE = 52 Q I 22° SCT = 74° 30\ Tl,u w have, 
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AD : DJi : ; Bin DBA ; sin DAB, 

2 Pin DBA 



■ •- sin DAB — 



.-. JMJ3--t15°59*. 



15° 59' +52° :67* 59'. 



3. A ship runs X. E. by N. 18 miles in 3 hours, in a 
current w. bjrS. 2 miles an hour; required the course 
mkI distance. Am. C= N.b. E, 4E., r = 14 mi. 

1 In a current S. E. by S. 1J miles nn hour, a ship 
-ails 24 hours lis follows: S.W., 40 miles; \V. 8-W , 27 

miles; K. by E., 47 miles; required the direct course and 
the distance, Ana. C~ S. 11° ">0' \\\, r = 117 mi 

5. The port bears due E., the current wts S. W. by 
S. 3 knots an hour, the rate of tailing is 4 knots nn 
hoar; rMguirod the course steered. Ana, X. 51° E, 

6. A ship sailing in a current lias, by her reckoning, 
run S. by E. 42 miles, and, by observations, is found to 
have made 65 miles of difference of latitude, and 18 
miles of departure; required the set and drift of the 
current. Ana. Bel S. 62° 12' \V. ; whole drift. 30 mi. 



PLYING TO WINDWARD. 

390. Definitions. 

Plying to windward is the zigzag course which a ship 
mukes by tacking when she encounters a And wind. 

Starboard signifies the right side. 

Larboard signifies the left side. 

The starboard taoks are aboard when a ship plies 
with the wind on the right. 

The larboard tacks are aboard when a ship plies 
with the wind on the left. 
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A ship i« «aid to be How-ftaxd<xl when ehe BEUk N 
nearlv u pnepiblo toward the point from which the 
wind is blowing. 



400. Examples. 



1. B« 




leing within sight of my port bearing 
JE., distant 16 miles, a frt'sh gale sprung up from tin 
N. E. Willi my larboard tucks aboard, and elose»hauled 
within dx points of (be wind, how far must I run !><•• 
fore tacking about, and what will be my distance from 
the jxirt on the second board ? 

Let A be the plaec of the ship; 
/', tin* port; .!/», the diflfaUMM of 

the first board; BP, that of the 
ReOOlld) WA <»r II" /.', tin direction 
of tin- wind. 

Then. WAB wnn = W'BP = 

G pointa 

.*. ABP 16 points — IS points 4 points. 

PA W = AM II'— NAP 4 points — Ij points 

points. 

I'AB PAW i )r.ti? = 2J points 1 r, ,K»intd= 8} 
points. 

APE 1G points — (PAB-{ ABP)=Z\ pointa 
sin ABP : sin APB :: AP : AB t . \ ^1/; 1*. 16 mi. 
Bio ABP : sin BAP : : AP : BP, . '. BP = 2S.23 mi, 

2. If a ship can lie within 6 pointa of thi wind on 
the larboard tack, and within 5j points on the . 
Iioard tack; required her rour.«e and distance on eatf) 
tack to reach a port lying S. by H. 2*2 miles, tbe wind 



being at & \V. 

Ans. 



f Starboard tack, S. b. E. AE. 33X6 mi. 
'l Larboard took, W. N.W. 2.70 mi. 
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3. A ship is bound to a port 80 miles distant, and 
directly to windward, which is N. E. by N. £E., and 
proposes to reach her port at two boards, each within 
G points of the wind, and to lead with the starboard 
tack ; required her course and distance on each tack. 

( Starboard tack, N. N.W. JW., 104.5 mi. 
An *- I Larboard tack, E. S. E. £E., 104.5 mi. 

4. Wishing to reach a point bearing N. N. W. 15 
miles, but the wind being at W. by N., I was obliged 
to ply to windward— the ship, close-hauled, could make 
way within 6 points of the wind; required the course 
and distance on each tack. 

f Larboard tack, N. b. W. 17.65 mi. 
Am - I Starboard tack, S.W. b. S. 4.138 mi. 



TAKING DEPARTURES. 

401. Explanation. 

Before losing sight of land, at the beginning of a 
voyage, the bearing and distance of sonic well-known 
object, as a light-house or headland, is taken, the re- 
verse bearing and distance of which are entered as 
the first course and distance on the log board. 

The bearing is taken by the compass; but the dis- 
tance is sometimes estimated by the eye, as can be 
done with considerable accuracy by navigators of ex- 
perience. 

A more correct method of taking a departure is by 
moans of data, obtained by taking the l>earing at two 
different positions of the ship, the? distance between 
these positions being measured by the log. 
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102. Examples. 

1 Sailing down the channel, the Eddystonc bore N.U ". 
by N., and after running W. S. W. Ifi miles, it bow S. 
by E.; required the course and distance from the Eddy- 
ptone to the place of the last obser- k 

vation. y' 

E- XAE + N'BE= 4 points. 
A = 16 points (NAB + A4S ) = 7 pts. 
sin E : sin /I :: AB : BE, 
. . fl£- 24.97. 

2. At 3 o'clock P. M. the Lizard l>ore N. by W fW - 
:inil after sailing 7 knots an hour, W. by X. J-N., till a 
o'clock, the Lizard bora N. B. }E.; required the Bourse 
and distance from the Lizard to the place of the last 
observation, dim. SAW |W., 1MB mi 

3. In order to get a departure, I observe a headland 
of known latitude and longitude to bear N. E. by N., 
and after nailing E. by N. 15 miles, the same headland 
bore Wt N.W.j required mydistanos from the headland 
at each place of observation. 

B 5 mi. and 10-fl mi. 

Remark— To find the latitude and longitude of ■ ship 
by means of celestial observations, requires a knowledge 
of Naiitii-.il Astronomy; but a thorough discussion of 
this subject would require an amount of space far ex- 
ceeding our limits. 

































TABL1 
















Pair 








1 


II. Nati'rai, Born and Co-sixes, 


. 






24 


III. NATl'RAL TaNUK.VTS AM) I'-MAN' TNTS, 






2(1 


IV. Lo*; uumao Sixes am* Tan«*ent>, 


■ 






u 


V. TuAvr.RKE Tadm:, 


. 


. 






?a 










84 


VII. KBUUOVAli I'aktb, 










85 


VIII. CORRECTIONS TO MlI'M i: LATITUDES 


• 






87 


Logarithm •/ Nmlm to 100. 






1 


000000 


-21 


I :\i:- 


41 


1 61178 


01 


1.7838! 


HI 


1 <;K)S49 


2 


C 10103 


22 


l 34242 


42 


1 62323 


62 


1 792M 


B2 


1 01 


3 


17712 


23 


1.36173 


1 




63 


1 70934 


83 


1 01008 


4 


I 50200 


24 




44 


1.64345 


64 


I $0618 


M 


1 93428 


5 




■_*'» 


1 39704 


45 


1.65321 


M 


1 B129] 


K5 


1.02942 


A 




2tf 


L41497 


16 


1.66276 


M 




X6 


1.93450 


7 


.is4.M»i 


27 


1.43186 


47 


1.67210 


67 


1 82601 


87 


1 98001 


3 


0.90809 


23 


I W716 


48 


1.68124 


58 


1.83251 


SH 


1.94448 


9 


0.95424 


29 


1 16240 


4U 


1 69090 






K9 


1.941 


10 


UHMHH) 


30 


1 17712 




1 60897 


70 


1 84514 


90 


1.05494 


II 


1.04139 


31 


149130 


51 


1.70757 


7 1 


1 to 121 


91 


1 95904 


18 


1.07918 


32- 


1 50616 


52 


1 71600 


73 


1 8573; 


93 


L9C 


13 


I.II3W 


33 


1 


53 


I 72428 


73 




93 


1.06848 


11 


I 14(13 


34 


i s . 1 1 a 


54 


1 73239 


74 


I 8692! 


94 


1.07318 


5 


1.17609 


35 




55 


1.74036 


75 


1 B750i 


96 


1.97772 


16 


1.20412 


M 




56 


1 74819 


76 


1 HflOftl 


96 


1.98227 


17 


I S3045 


.;: 




57 


1 


-- 


1 R8641 


97 


1 .08671 


18 


J 25527 


38 


I 57078 




1.76343 


78 


I B92W 


98 


1 99183 


19 


1.27875 


.;■.» 


1.59106 


59 


1.77085 


79 


I W6< 


99 


1,09 


20 


1.30101 


44) 




60 


1 77815 


flo 




100 


2.0000G 


(1) 





100-144 LOGARITHMS. 00000-16107 




1. 





l 


2 


3 


4 


5 


6 


7 8 I 9 


D. 






LOO 


ooum 


mi 




130 


17,; 


217 


260 


303 


346 


;■■■ 


; ; 






101 


432 


4T5 


318 


361 


6( 1 1 


647 


689 


732 


773 


817 


4;; 






102 


Mill 


9u3 


943 


986 




,72 


■ IS 


157 


i99 


i42 


12 






103 




326 


B63 


410 


462 


4'. '4 


5.16 


578 




662 


42 






w 


703 


740 


787 




870 


912 


953 


995 




o7X 


42 






103 


02119 


100 


202 


243 


2S4 


325 


366 


407 


449 


490 


41 






106 


531 


:»72 


613 


653 


694 


735 


770 


810 857 


H98 


41 






107 




•; 9 


■19 


•60 


■ (H) 


:4! 


iSl 


v22 


i62 


102 


4u 






108 


03342 


[A3 


42;; 


503 




583 


623 


r,<\;; 


703 


40 






100 


743 


r«2 


322 


802 


WVJ 


94 J 


1>«1 


•21 


b60 


MM) 


40 






no 


04130 


179 


21S 




297 


336 


370 


4i:. 


454 


493 


39 






in 


i 


:.71 


610 




689 


727 


766 


805 


-u 










112 


922 


96 1 


999 




"77 


lU 


i54 


■92 


131 


•69 








[13 


05308 


346 


385 




461 






576 


614 


633 








114 


390 


729 


7i.7 




343 


381 


918 


956 -.'l 




38 






IU 


06070 


108 


L46 


183 


221 


288 


21 6 


333 371 










116 


446 


[83 


521 




59S 


633 


0ft] 


7<'7 744 


781 


37 






117 


319 


356 


898 


930 


967 


•04 


•41 


•78 il5 


i&l 








LIS 


0718U 


223 


20*2 


299 


; ;.-, 


572 




445 182 




■; 






119 


.'>."..', 


[91 


628 


664 


7lR) 


737 


773 


809 846 


-2 








130 


918 




900 


•27 


•63 


..O'.l 


i " 


.71 


K>7 


*43 


i 






121 




:t!i 




380 


122 


458 


193 


529 


v.; 


6(M] 








133 


636 672 


707 


743 


77S 


Ml 






920 


935 


us 






133 


991 


i26 


•61 




i32 


i67 


.., ,_» 


•37 


•72 


■ "7 


33 






121 


09342 


377 


412 


447 


182 


517 




587 


621 


656 


■ 






123 


391 


.-■> 


760 


795 


830 


864 


899 


9 :; 


958 


•03 


35 






136 


10037 


073 


106 


140 175 


209 


24;; 


278 


112 


346 


34 






127 


S8U 


41'. 


44V 


483 


M7 


. .1 


■ 


6 1 9 




631 


34 






128 


721 


T.i . 


789 


823 




890 




958 


992 




;i 






129 


11059 


093 


126 


160 


193 


••••- 


961 


284 






w 






130 




428 


461 


V i 


523 


561 


' i 




661 


694 


[3 






i:u 


727 


730 


■ 


82ft 








959 


B '_' 


..24 


33 






L32 


L2057 


It'll! 


123 


IV, [80 





2;'.4 


2-7 


sao 




33 






133 




■ 


[30 


IS3 516 


64* 


681 


613 


346 


673 


33 






Lit 


7lo 


74.; 


77. r . 


-ii- 840 


872 


■ 


987 




1.0 1 


82 






a 


I [033 


033 




ISO 


162 


194 


226 






322 


32 






m 


334 




- 


461 1 


481 


513 


545 


•.77 


609 


640 


..J 






[37 


(',72 


7n( 


736 


767 


7 19 






893 


■ 




.12 






[38 


988 


•19 


•31 


o82 


■ 11 


i4S 


i76 


i03 




i70 


31 








14301 


3 .. 


364 




426 


467 489 


520 


551 


;»S2 


31 






Mo 


613 


344 


670 


706 


7 17 


708 




329 


660 


891 


31 






111 


922 




983 


ol4 


•43 


o76 i06 


i37 


, 68 




3) 






[42 




256 


290 320 


951 


412 


442 


47.1 


303 


31 






J43 


;.;(4 




594 625 


655 


t.-;< 715 


746 


776 




30 






111 




363 


897 '.'27 


957 


I 7 -17 


<>47 


-77 


i07 


30 






ft 


o 


1 


s 


3 


l 


6 T~ 


7 


8 


6 


D. 






2 













































































145-189 LOOAIUTHM.S. 16137-27862 




145 





1 
167 


2 

1-.I7 


3 
fcfl 


4 

266 


284 


6 

111 


7 


8 


9 
106 


D. 




16137, 






146 


l 5 




4'-:. 


KM 


564 


584 


613 


648 873 


702 








147 


732 


761 


761 


820 




870 




967 


907 








149 


171 21 


056 


08fi 


114 


143 




202 


231 




20 






140 


818 


948 


m 


406 


485 


464 


403 


-.22 


661 


580 


20 






LM 






067 


606 


72:. 


7:.l 


78S 


Sll 


840 




20 






161 




.'J'. 


■ 


v- 1 


•13 


..41 


o70 


•gg 


127 


i M 


20 






152 


IS1SI jl ; 


I'll 


270 


308 


831 


3S4 


112 


441 


29 






153 


ioo 


496 


536 


W l 


583 


611 


007 




721 


28 






L54 


793 


7<i> 








991 


09] MO 


'77 


o05 


28 






IV, 


1QQ33 


661 


080 


117 


145 




SOI 890 


257 


286 


28 






i so 


312 


wo 


3)1* 




121 


451 


170 507 




S62 


28 






157 


500 


618 


646 




TOO 


738 


756 783 


sll 




28 






158 


SOQ 




921 


v 18 


U76 


...».; 


d3C 




.12 27 






1 » 


20140 


i » 


i*M 


222 


249 


876 


803 890 










ISO 


412 


130 


466 


493 




Ml 


B '2 




656 27 






nil 


6*5 


716 


:.:; 


■ 


7' HI 


817 


844 S7I 


308 


923 21 


* 




162 


.'.j 




•OS 


■ -j 


o59 


„v~, 


i!2 




l92 27 






103 


21219 jr. 


B7a 


299 


3ja 


&.VJ 


378 


i e 


131 








164 


4s| 


Ml 


637 


..* i 


500 


017 


643 




■ 


722 26 






ioa 


748 


775 


HO| 


837 


M 


880 


900 


932 


■ 








166 


221)11 


1)37 


<»fi3 




in 


I il 


167 


I". 




246 Z8 






167 


272 


298 


' 




376 


401 


127 


153 


47o 


506 26 






los 


V;i 


557 


583 


608 


634 





686 


712 


7:-;7 


763 26 






160 


7-vV 


au 


840 


N'.O 


v,| 


yi7 


04 


BOB 


094 


tig 26 






170 




(i7o 


O'.Mi 


121 


147 


172 


19.N 


228 


21 1 


274 2'. 






171 


3<K» 


33a 


37.0 


370 


1 '1 


420 


462 177 


5 '2 


.._'• 2fi 






172 


v,: 




. 


829 


664 


670 


714 


7::' 


754 


770 25 






173 












630 


96 ' 




... 15 








174 


2lO.Vi 




LOG 




IV, 




2"! 


228 


254 


270 2"> 






i;*» 


:; »i 




353 


i 


403 




4SS 


477 




.'.27 2S 






1 To 


661 


S76 




626 




674 




721 


748 


773 25 






177 


797 


323 


sir. 


,s7l 


"■ 


'.'20 


044 


960 




o)8 


28 






17S 


25012 




09 1 


116 


I 10 




i ■ 


212 


237 




M 






17.) 


SB 


610 


334 


358 


3 j 




|::l 


156 


470 


>,; 


24 






I>» 


62*2 


V,| 


678 


600 


524 




B79 


OmO 


790 


711 


2* 






181 


768 






M<i 


H64 


RHK 


912 


035 






21 






i 13 




nil 






103 


120 


150 


171 


198 


221 


24 






|«3 


SMS 




293 


316 


340 


864 




III 


i ;'. 


I- • 


21 






1-1 


483 


S08 


sag 




576 


600 


6S3 


.'.17 


570 


I'.Ol 


21 






185 


717 


741 


764 


: - E 


Sll 


vil 


858 


881 


906 










186 


061 


975 


MX 


ctfl 


o IS 




001 


til 


i 18 


lOl 


23 






1<7 


.27 1 s l 


307 


S31 


9 " I 


277 


900 


323 






393 








[&) 


416 


139 


462 


186 






5 j I 




500 


82 : 


23 






i jg 


646 






716 




761 


7-1 


am 






23 






H. 





l 


2 


3 


4 


5 


e 


7 | 8 


9 D, 




1 



190-234 LOGARITHMS. 27875-37088 




N. 
190 





l 
898 


9 
121 


3 

9+4 


4 

907 


5 
989 


8 
o12 


7 
c.35 


B 


D. 
2.3 






& 






191 


28103 


126 


149 


171 


194 


217 


24*1 


262 


107 








i a 


330 


375 


398 


•121 


443 


li.O 


188 


511 


533 


23 










578 


601 


023 


046 


568 


691 


713 


735 


758 


22 






194 


780 


8oa 


925 


i" 


870 


992 


914 


937 


'.'V.i 


981 


22 






195 


2900a 






o7o 


092 


U5 


137 


169 


LSI 


203 


22 






196 


226 


24 s 


270 


292 


314 


330 


358 




4o ; 


126 


■>•> 






197 


447 


469 


4'.»l 


513 


■ 


557 


579 


001 


623 


646 


22 






198 


607 


088 


710 


733 


754 


776 


79S 


820 


842 


803 


22 






I9fl 


885 


907 


929 


9a i 


'.'7:; 


994 


•16 


„;;s 


uOO 


>81 


22 






900 




125 


146 


168 


190 


211 


233 


266 


276 


998 


22 






SOI 


320 


341 


363 


384 


Hi*; 


128 


449 


171 


492 


514 


22 






202 


535 


557 


578 


600 


621 


843 




685 


707 


728 


21 






90S 


750 


771 


792 


BH 




355 


S7s 


B9Q 


920 


942 


21 




904 


968 


984 


»06 


i27 


i 18 


■69 


»9J 


ilS 




>-.l 


21 




91 |fi 


1 1 T "■ 


107 


218 


239 


260 


281 


302 


323 


345 




21 






906 


387 


408 


129 


450 


471 


492 


,|.; 


.034 




J76 


21 






207 


597 


)i|S 




660 


t,s| 


702 


723 


7JI 


706 


n \ 


21 






206 


806 


827 84 X 


869 


890 


911 


933 




073 


(KM 


21 






'JO 4 .! 


39015 


oss 


056 


077 


09K 


118 


139 


160 


1S1 


201 


21 






210 


222 


943 


263 


284 


;!< IS 


32* 


346 


366 




408 


21 






211 


428 


-1 19 


169 


490 


610 


531 


552 


572 


593 


513 


20 






212 


634 


654 


t»7"> 


695 


716 


7:i<". 


756 


777 


797 


sis 


20 






SIS 


838 


s;>s 


879 


899 


919 


940 


066 




ftOl 


»2] 


20 






•214 


33041 


069 


082 


102 


122 


143 


103 


163 


203 


224 


20 






913 


244 


36 1 




304 


326 


345 


365 


385 


(05 


4£S 


20 






21ft 


44J 


469 


186 


sofi 


626 


546 


566 


■ 


606 


626 


20 






•217 


646 


Clili 


585 


706 


726 


740 


700 


786 


306 


826 


2o 






218 


846 


366 


JSfi 


905 


925 


945 




985 


dOS 


i25 


20 






219 


34044 


064 


084 


104 


124 


143 


1C3 


1S3 




£23 


20 






22i t 


242 


202 


282 


301 


321 


341 


361 


380 


4oo 


420 


au 






•221 


439 


469 


479 


498 


518 


537 


55 7 


577 




616 


30 






322 


■ 


655 


U74 


694 


713 


733 


753 


772 


792 


sn 


19 






223 




B50 


869 


889 


90S 


9S8 


'.»47 


967 


986 




19 






224 


35025 


044 


004 


083 


102 


122 


141 


100 


160 


199 


19 






225 


218 


238 


257 


276 


295 


3|/. 


i 


353 


■ 


392 


19 






926 


411 


430 


449 


468 


4-SN 


507 


526 


■ i i 


564 


583 


19 






227 


608 


022 


641 


000 


079 


698 


717 


T ;■ 


755 


774 


19 






228 


793 


SI 3 


832 


851 


870 


689 


908 


927 


|J46 


905 


19 






929 


9H4 


o08 


n21 


,..;u 


...V.l 


„7s 


o97 


ilG 


i 1 ■ 


1 64 


19 






230 


30173 


199 


211 


226 


248 


2*17 


286 


305 


m 


342 


19 






281 


361 


:;<.» 


399 


■lis 


430 


455 


171 


193 


-»ii 


530 


19 






989 


649 


568 


586 


605 


024 


'■12 


C61 




r>98 


717 


19 






983 


736 


754 


773 


791 


sin 


829 


847 


B66 


884 


903 


19 






234 

N. 


922 


940 

1 


959 
2 


977 
3 


996 

4 


-14 
6 


c33 
6 


o51 
7 


. ro 

8 


•88 

9 


18 

D. 









: 




4 















































































235-279 LOGARITOMa ffl 


107-44700 




H. 





1 


3 3 


4 


5 6 


7 8 


8 


D. 






' 




125 


144 


163 


181 


199 218 


S36 




IN 






•j.;-. 


291 


310 








1 11 


490 


• 


17 








m 


493 


311 


530 


r.4S 




603 


631 


• 






£38 




676 


694 


719 


781 


749 767 


785 


803 


J*±2 


Lfl 






339 


m 




870 


- A 




W9 


«»67 


98A 




18 






£40 


19021 


039 


007 075 


093 


US 


130 




100 


r«4 


18 






241 


203 


230 


ISM 


374 


293 


110 


S2X 




364 


t8 






342 


J 


399 


417 135 


133 


471 


409 


507 


633 


■ 4 . 


lx 






343 


Ml 


578 


1 6 014 


633 


650 


M8 


6M 


7" | 


721 


18 






•.'44 




757 


77-"> 793 


810 


fc&! 






681 




18 






3tf 


'."17 


934 


952 


97 1 








•41 


■ 


<i7('. 


18 






340 


1 


III 


129 


14(*. 




183 


199 


217 




_">_' 


M 






247 


270 


287 


3o:, 


323 


340 


368 


375 


393 


110 


12* 


18 






248 


445 


403 


480 


49* 


513 




550 


66* 






is 






£49 


530 




065 973 


690 


1i 7 


724 


742 


759 


777 


17 






260 


794 


Sll 




803 


B81 




915 






17 






3ft] 


007 


986 


•02 




•37 


•64 


•71 




,06 


■23 


17 






353 


40140 


157 


173 


193 


209 


330 


243 


201 






17 






253 


a i s 


:.■_".' 


340 




331 




113 


433 


41V 


406 


17 






3M 


• . 




518 


535 


563 




586 


603 


6SQ 




17 






-'.:. 


654 


071 




705 


739 


789 


7M 


773 


790 




17 






356 


S-JI 




K5fl 


375 


893 


900 


926 




900 


970 


17 






•-' 3 


903 


. 10 


o27 


,11 


•6 1 


<i7* 


1,95 


ill 


i28 


i4S 


17 






358 


11163 


179 


106 


li-l 


239 


346 


j >3 


280 




313 


17 








330 


347 






897 


414 


1 : 1 


417 


104 


181 


17 






360 


407 


M ! 


531 


m; 






'.■»7 




6 l 


647 


17 






21 i 


601 


681 


007 


711 




717 


704 




707 


814 


17 






262 


■ 10 


B47 


863 


r. i 


896 


013 


'.'■' 


940 




979 


16 






263 


996 


•13 


o29 


•43 


•63 


oTH 




ill 


iL'7 


ill 


|Q 






m 


43100 


177 


193 


210 




843 


259 






;n is 


10 






263 


S3 i 


341 




374 


590 


406 


133 


139 


1T3 


to 






'JM. 


4<s 504 


521 


.:; 




570 


)M, 


603 


633 


II. 






261 




684 




7 Hi 


732 


749 


.< ■ 


i8l 797 


16 






26fl 


M .; B5T1 


B40 


tios 




894 


911 


937 


\m 


16 








■ Wl 


■OS 


•24 


•40 


•50 


•T3 


•88 


ll)4 


iSU 


16 






STO 


ISS 


ir.-i 


|Si 


901 


217 


■■ . ; 


._. ,., 


SI - 1 


291 


10 






271 


297 ;;l., 129 


346 


Sfi] 


■■ 


393 


\m 


123 


in 


10 






^7-J 


4.'.7 


473 489 




631 


M7 






5*4 him 


10 






37.1 


616 


632 54H 


064 


630 




713 


:-: 


71.; 70S 


10 






274 


7 7.'. 


701 807 


v.; 




BM 


870 




917 


M 






27fl 


938 


949 


9*1 




o!3 


•28 


ill 


bT5 


10 






276 


44091 


107 122 


138 


1 54 


170 


133 


1 


217 232 | 10 






J77 


24* 


•JtW 279 


£95 


.'ill 


320 


342 




173 m ' in 






278 


-104 


420 


13d 


131 


407 


11= ; 


m 


.014 


.vj'i 545 


10 






V. 


500 


B7fl 

1 


592 

2 


607 

3 


4 


6 


054 609 





TOO 
9 


10 

a 




D 


6 


7 






BN.35. .', 







280-324 






LOGARITHMS, 




47716-51175 




N. 
280 





1 
7.;l 


2 

717 


3 


4 
778 


5 
793 


6 


7 
324 


8 





D. 




MTIfi 






2*1 


S7I 


—li 


901 


'.'17 




946 




979 


99 1 


»]0 


15 








151)23 


1)40 


050 071 


086 


102 


117 


133 


148 


163 










179 


194 


2(10 


225 


24Q 


255 


271 




301 


317 


i:. 






2*4 


(32 


347 




375 


193 


408 


423 


139 


454 




15 






385 


484 


:>im> 


516 


530 


-.I". 






591 


606 


621 


15 






284 


■ : 




657 




597 


i 1 2 


72- 


743 


75tJ 77;; 


IS 






SH7 




BOS 


SIB 


.mi 


M i 


864 


879 


m»4 


Vu9 


924 


i ". 






_!•;> 


939 


954 






»IH) 


•15 


•90 


a 15 


■60 


•75 


15 






2$) 




105 


ISO 


1 15 


IV) 


165 


IMi 


195 


210 


225 


[5 








34 ' 




1^7" 


2B5 


; 1 1 


816 


Sdo 


345 




874 


i;. 






291 




l^i 


419 


i.;i 


149 




47V 


pi 


309 




15 






292 


538 




m 




5 is 


6 1 .; 


627 


642 


65 7 


672 


15 






:•: 


387 


703 


716 


731 


746 


76] 


776 


790 


si*;. 


H20 


16 






294 


385 




m 


879 


394 


909 


628 


■ 


953 


967 


15 








982 


007 


..12 


•26 


.11 


•56 






lOQ 


i!4 


15 






296 


17129 


III 


159 


173 


138 


202 


217 


232 


246 


26] 


15 






297 


278 


290 




8)9 


134 


34V 


363 


37 s 


392 


407 


15 






._,.,- 


123 


i 16 


lol 


165 


(80 


194 


51 to 


524 






15 






299 


367 


583 


596 


611 


325 


640 




<jt>y 


...M 


69D 


15 








712 


727 


711 




770 


7M 


7W 




823 




14 








R57 


371 


• 


■ Mi 


s* I t 


939 


948 


958 


972 


'i-i 


i l 






[02 


IS M| 


01S 


029 


nil 


03H 


073 


ns7 


101 


116 


i;:n 


II 






303 


III 




173 


1^7 


202 




230 


24 4 


25V 


273 


14 






$04 


2<7 


302 


316 


330 


:il 


359 


373 


881 


401 


416 


14 






t05 


630 


444 


4.1S 


17.: 


IS7 


50] 


sis 


53(1 


544 


■ 


14 






306 




5Sl> 


tii 1 1 


\.\-> 


629 


54 . 


657 


671 


566 


7«HI 


14 






::u7 


714 


728 


i 12 


756 


1 ?0 






813 




Ml 


14 










869 


383 


S'.»7 


•Ml 


926 


940 


954 


%s 


9*2 


14 






309 




olO 


n24 


•38 


•52 




d8Q 


»94 


108 


122 


14 






310 


in 16 


150 


1*5-4 


17* 


192 


206 


220 


234 


248 




14 






.mi 


278 


290 


304 


818 


■ ' 


346 


860 


■ 


386 


402 


14 








li;. 


429 


44;i 


157 


471 


485 


199 


513 


727 


.'ill 


14 






313 


V,i 


56H 


W2 


596 


610 


624 


<-.;- 


651 


565 


679 


14 






.HI 




7l)T 


721 


m 


7 is 


769 


77" 


7 N) 


803 


817 


14 






315 


mi 


845 


850 


872 


336 




914 


.'_■; 


943 


955 


14 






316 




{ .'S2 




..in 


.21 


•87 


,.:.| 


■ 


•79 


•92 


14 






317 


S0I06 


120 


133 


147 


161 


174 


lss 


202 






14 








244 


256 


27<> 


2*4 




311 




1 ■ 






14 






m 


.::■» 




406 


420 


133 


447 


46J 


474 


4HH 


ft i t 


14 








M'. 


539 


9 12 


556 




68U 




610 


623 




14 






321 


351 


654 


87S 


691 


7<r, 


71- 


732 


745 




772 


ll 






322 


786 




BIS 


Sl'C, 


MO 


85a 




880 


696 


607 


;.; 






m 


990 


".;i 


947 


961 


'71 


987 




•14 


•28 


i |] 


ja 






w 


S1055 


061 




| v >:, 


108 


121 


185 


II- 


162 


175 


13 






N. 





I 


3 


3 


4 


B 


e 


7 


8 


9 


P. 



































































325-369 


LOGAJarCBM& 51188-56808 




N. 





l 


2 


3 


4 


B 


6 


7 


8 


g n 






525 


511. ss 


202 


•J 15 


22s 






258 






13 






326 


822 




34* 


362 


175 




m 


i s 




411 13 






827 


455 


w 


181 






521 


S34 




561 


77 1 |3 






928 


-.-: 


1)01 


•ill 


627 




654 


667 






706 13 






829 


790 




746 


750 


77- 


7W 




sl2 


825 


,*3H 


13 






330 


851 




B7fi 


40] 


•Ml 


917 








970 


13 










996 




-22 


.35 


• 18 


■ I 


•7ft 




lOl 


19 






332 


521 1 4 


127 


140 


153 


166 


17'.^ 


192 


205 


218 


231 


18 








244 


257 


270 


2X4 


297 


am 


:_■: 




349 




13 












|ft] 


411 


127 


441) 


153 


(66 


4 7 '.' 


492 


18 






sss 


MM 


in 




543 






isa 




808 


'■21 


18 






336 


m 




660 


573 




509 


711 


721 




750 


i ■ 






::; 




776 


789 


m a 


-I i 


B21 


mi 








i 








80S 




on 


03 1 


M3 


Qfifl 




MVJ 


*.)94 


..< iT 


I 








>3U20 


033 


040 


D5M 


071 


094 


IKfl 


no 


122 135 


u 






MQ 


148 


[6] 


IT ; 


1 Sli 


I'M 


212 


2^4 


281 


250 


953 


1 1 






34) 


•>:\ 


2R8 


3iil 


314 






' 


364 


.,77 


.."ii 


1 ■ 






842 


403 


416 


!"_'■ 


4-1! 


J .. 


460 


170 


401 


MM 


:.I7 


13 






uz 


. M 


a i a 




$67 






S 




1 i 


i,i.; 


i ■ 






.ill 


I. . | 


. 


08] 


594 


706 


719 




714 


7.7 7 


TOO 


13 






.1 1.-. 


782 




H07 


820 




840 


857 


870 




805 


[8 






3 M 








,<r. 


9M 


'.'7c 








..2i » 


I., 






347 




W5 




170 






I ffl 


120 




145 


13 






848 


IM 


17U 


183 


i ■-, 


20(1 


220 




245 




270 


12 








288 






320 


882 


34fi 




8T0 


383 




fj 






160 


407 


419 




444 


i M 


409 


4-1 


m 




51fl 


12 






851 


SSI 






508 


580 


593 




617 






12 






852 


654 


661 




591 




710 


728 


741 






12 








777 


790 


HftJ 


814 


S27 


*39 


351 




H76 




12 








900 




925 


9 ;7 


949 


902 


.'74 


984 




..II 


12 










035 


047 




072 


0R4 




108 


IS] 




12 






866 


L45 


157 


109 


IK2 


i.'l 




218 


230 


242 


256 


12 






.,-.: 


267 


279 


291 




.; 1 5 




340 


852 


.364 


876 


12 






868 




100 


418 


125 


487 


449 461 


[7.; 


185 


497 


12 






169 


508 


629 


5.i| 


MO 


55 s 


670 




694 


606 




12 






MO 


830 


043 


054 


555 


-.7- 


091 


703 


715 


7_7 


780 


12 






36 I 


751 




778 


7*7 


799 


Mil 


823 




*47 




12 






363 


s;i 


888 


V,, 


907 ! 919 


93J 


■.'i ; 




061 


979 


12 








991 


i03 


.15 


n27 «3K 


nSO 


>62 


■ 7 1 


■ 




12 






164 


Ml 10 


122 


134 


145 : 


170 


1X2 


104 


205 


21 1 


12 








229 


24 J 


25:* 


265 


277 


280 


30| 




324 




U 








348 


Q 


:;l' 


3*4 


396 


407 


119 


4.;l 


443 




12 












I'M 




514 






M't 






12 










.".'•; 


6oa 






• ■I I 




1,1,7 


679 




12 






H. 


T03 


711 
1 


798 

2 


3 


..,n 

4 


701 

5 


773 



785 
7 


7'JT 
8 


8 


12 











7 





37(M14 






LOGARITHMS. 




58820-61794 


I, 


o 


l 


2 


3 


4 


5 


8 


7 


8 


e 


D. 




371) 






M4 






s.'l 


891 


902 


914 


996 


12 




871 


937 


M9 


961 


972 


Wj 1 


996 


lOg 


•19 


p9l 




12 




572 




06(1 


078 


089 


mi 


113 


124 


136 lis |50 


12 




. 


171 


183 


104 


206 


'J17 


229 


l!4l 


252 204 270 


12 




::;t 


981 


•Ml 


310 


:.— 


334 


346 




368 


380 


■ 


IS 




875 


403 


tic 


42f> 




449 


461 


47.1 


484 


196 


507 


VI 




376 


519 


530 


542 






J76 


.'>SK 


600 


611 




12 




877 


634 


r,.»r, 


i, .~ 


669 


680 


692 


703 




726 




11 




378 


M' 


7iil 


772 


784 


795 


807 


818 


K 


841 




II 




879 


864 


S75 


88? 


898 


91U 


921 


933 


944 


ass 


967 


11 










nOl 


■13 


n24 




,47 




oTO 


i8l 


11 






58092 


IHI 


IIS 


121 


188 


1 19 


161 


172 


IM 


195 


11 




882 


206 


218 


229 


240 


252 


263 


37 4 


286 




109 


II 






320 


331 


;i.. 


354 


365 


877 


388 


399 


110 


):_' 


11 






133 


-HI 


|.".». 


467 




490 


501 


512 534 




11 






m 


553 




580 


591 


502 


614 


625 


6 16 


'W7 


13 








B7(j 


681 


692 


704 


716 


726 


7:;7 


749 


760 


II 






771 


782 


794 


BOG 


BIG 


U2T 




-,| 


872 


li 










906 


917 


928 




960 


961 


984 


li 




889 


998 




-17 


i28 


040 


-51 


i62 


o73 o84 




11 






59106 


lis 


L29 


140 


151 


1 52 


17:; 


184 i 15 


207 


11 




891 


216 


229 


240 


•j:. l 


263 


273 






318 


11 




392 


329 


140 


351 




373 


384 


396 


406 417 


428 


li 






499 


4:.' i 


HI 


47l! 




1 CM 


506 


.'.17 528 


639 


M 




894 


550 


561 


<■*-' 


583 


69 1 


606 


616 


637 5 18 


649 


li 




896 


600 


r.7l 


682 


693 


704 


7I> 


726 


7.7 71- 


759 


11 




196 


770 780 


791 


80S 


ma 


H24 


-■■ 


-M x.*>7 




11 




897 


879 




901 


912 




934 


g 1 5 


056 


966 


V77 


11 




898 


988 


990 


910 


•21 




b43 




•66 




,86 


a 




89U 


60091 


low 


119 


ISO 


141 


152 


163 


173 


184 


196 


n 




KX) 


30Q 


217 


228 




849 


260 


271 




29 1 


304 


ii 




m 


314 


325 


:-,, 


347 




369 


879 


390 


101 


412 


ii 






423 483 


III 


465 


106 


477 


4x7 


108 


■ 


590 


ii 




M. 




541 


552 




574 


.►xl 


595 


606 


617 




ii 




KM 




640 


660 


67a 


681 


\\>k'> 


70S 


718 


724 


■ 


ii 




li i;. 


746 






T7n 


788 


799 


Mil 


VI 


431 


K42 


ii 




|IM» 






S74 


(MS 




006 


917 


927 


03N 


M|'i 


n 




407 




970 


981 


Til 


n02 


hI 1 




.,..1 


15 




ii 




MS 


6UNMI 


M77 


us; 




lift) 


119 


I..H 


IK) 


151 


1 62 


u 






172 


188 


194 


m 


215 




236 247 


2ff» 


268 


n 




(10 




289 


300 


;uu 


321 


881 


342 352 


363 


374 


ii 




in 


884 




106 


•lit. 


426 


437 


148 158 


469 


i" 1 


n 




412 


I9T 500 


511 


621 


■ 


542 


563 


574 


584 


n 




li.; 




506 


616 621 


681 


648 


658 


669 


679 




ii 




hi 

f, 


700 


711 


721 


; i 

3 


742 
4 


7W 


768 


77; 
7 


8 


794 

9 


10 







1 


a 


5 


6 









































415-459 LOGARITHMS, 


61805-062CO 




H. 


1 


9 


3 


4 


6 


6 


7 


8 


D. 






41 a 


01809 


Bia 


826 




-17 


857 




H78 


sss 


899 10 






116 


>.,,• 


090 


98fl 


941 


951 


962 


972 




993 




Hi 






117 




034 


034 


045 


055 




076 


086 


09? 


II 7 


10 






418 


IIS 


(26 


I 16 l I'.i 


1 Y.< 


170 


ISO 


190 


201 


:?1l 


10 






419 


221 232 


jfj 252 


J03 


37 


284 


294 


..HI 


315 lo 






420 




346 356 




377 




307 


(08 


118 10 






421 


428 


436 


150 


169 


480 






:.M 


521 lo 






422 


531 


542 


552 502 


W3 






603 




624 H' 






423 




644 


665 


675 






706 


716 


10 




, 


424 


:;; 


747 


783 


767 


77". 


T - 


798 






B29 






425 




M9 


856 








900 


910 


921 


981 I" 






126 


■mi 


»51 


901 


972 






o02 


»]2 


•Si 


in 






427 


mm 


053 


066 




08 ; 


094 


m n 


124 


134 l" 






4-J< 


Ml 


155 




175 


185 


106 


205 


216 


22.1 


236 lo 






w 


24 1 


256 




-\ ■ 




296 




317 




337 Itf 






1 10 


;i: 






377 


.;-. 


307 


107 


417 




438 1" 






431 


148 


\'.- 


168 


17^ 




m 




518 




■ 


10 






t.:-J 


54a 


558 


568 


"■:• 


569 




ooo 


6)9 


629 




lo 






i.i.: 




.,.-. 


660 


570 


589 




: 19 


719 






10 






134 


:r> 


rso 


. 


779 




7'.".' 




810 


829 




10 






1 35 


uv 


659 


609 


J79 




809 


009 


'JIM 


929 


930 


10 






m 


949 






979 


ggfl 




i18 


i28 




lo 






197 


6404* 


050 


068 a:< 




108 


LJ8 


128 


137 


10 






438 


147 


157 


m 177 




107 J'»7 


. 


227 


237 


10 








846 


156 


266 278 








326 




10 






■ 1 






366 176 




404 


414 


494 




lo 








til 


454 


161 473 




493 


;>i is 


i ■ 


-■ 




10 






443 


542 


552 


502 572 


i ! 


59] 


50| 


till 


G21 


63] 


10 










650 


060 670 


660 




B i i 


7ut 


719 


729 


lo 






ill 


;.:> 


746 


■ 766 


::: 


7s7 


19? 




816 




10 






446 




646 


M0 96fl 


S7-'» 




*93 


904 


014 


OM 


10 






446 




943 




972 


982 


992 


•02 


oil 


021 


10 




447 


65U3I 


in i 


05(1 060 


070 


i ffO 


089 


099 


Ins 


lis m 




446 


[28 


131 


147 157 


167 


176 


186 


196 




215 lo 






m 


636 


234 


J44 254 


263 


-7:; 


283 


292 




312 


lo 






450 




33J ;141 350 




309 


;: 1 




408 


10 






451 


4ia 


127 


187 


117 


456 


166 


475 




105 .MH 


lo 






453 


514 


523 




MS 


552 




571 


5H| 


591 flOll 


lo 






453 


610 


619 


620 




648 






«77 


696 


lo 






154 


706 


TJ5 


725 


7;| 


744 


7'. : 




772 


782 702 









4.*.:. 


SMI 


Bll 


32Q 






049 




S(VS 


877 


887 


a 








696 


906 


916 £5 


985 


'.HI 


,'M 




973 











467 


992 tOl 


..II B 20 




o30 


.40 


i58 




■77 


9 






458 




096 


108 115 


124 


134 


143 




162 


179 


9 






459 

I, 


m 


l 


21 - 1 

9 


310 


219 


229 
6 




247 


257 

8 


9 


D. 







3 


4 


* i ? 






V 





460-504 






LOGARITHMS, 




66276-70321 


W. 





i 


2 
395 


3 

304 


4 

314 


6 


B 
332 


7 

342 


8 

351 


B 

101 


a 

9 




60278 






l.l 


870 




389 


398 


IOC 


417 


427 


436 


445 


455 


9 




m 


m 


171 


483 


LOS 


502 


511 


521 






549 


9 




m 




567 


5T7 


586 




6 15 


614 


694 


033 


-'.42 


9 




184 


853 


001 


671 




6S9 


g M 


708 


717 


727 736 


9 




4 65 


748 TV. 


764 


773 


7*:j 


792 


KOI 


8 1! 


S90 


9 




MS 


830 B4H 


857 


861 


876 


385 


894 


KM 


918 922 


9 




4rt7 


1 .ill 


950 




BOO 


978 


987 


997 


o06 ■ ol5 


9 




168 


67025 034 


048 


052 


062 


071 


oso 


069 


099 


tog 


9 




199 


117 127 


[36 


145 


154 


104 


173 


182 


193 


201 


9 




47ii 


210 


219 


228 


237 


247 


256 


265 


271 


284 




D 




i;i 


SOS 


311 


321 


330 


139 


148 


357 


367 


376 


>'■ 







179 


394 


403 


413 


422 


431 


140 


449 


469 


477 


u 




473 


4 si; 


i i. 


•>04 


514 


■ _' : 


>32 


541 

633 


550 


■ t f>r>u 







474 


578 


587 


596 


6U5 


014 


621 


649 


55] 560 


9 




47> 


009 


rtTM 


688 


697 


706 


71'. 


724 


733 


742 752 


9 




47<> 


761 


770 


779 


788 


797 


806 


815 




834 W8 


9 




477 




M'.l 


870 


B79 


SSS 


397 


906 


916 


925 984 


9 




178 


943 


952 


961 


'.'71 1 


979 


BK8 


997 


o06 


Ml. r * n24 


'» 




170 


68034 


043 


052 


061 


(170 


079 


088 


097 


106 


115 


9 




480 


124 


ias 


142 


151 


160 


109 


178 


1*1 


I9A 


205 


D 




481 


215 


224 


233 


242 251 


200 


269 


278 


2S7 296 


9 




482 


toa 


314 


3£3 


332 341 


..Hi 


359 




:s77 


■ 


9 




483 


395 


404 


413 


422 (31 


44ii 


449 


i> 


407 


176 


9 




484 


485 


494 


508 


.'ill 120 




588 


047 


-.v. 


565 


9 




485 


574 


583 


592 


601 


010 


51-9 


628 


637 


640 




B 




4 si) 


004 


673 


68] 


690 


■. M 


708 


717 


726 




741 


9 




487 


758 


702 


771 


780 


789 


797 


806 


BIG 


824 




9 




488 


942 


851 


860 




978 


886 


895 


004 


913 


922 


9 




189 


931 


940 


949 


958 


96G 


975 


984 


993 &02 


nil 


8 




490 


09020 


028 


087 


o to- 




004 


073 


082 


090 


099 


9 




491 


108 


117 


126 


las 


144 


152 


161 


I7u 


179 


|88 


9 




492 


197 


205 


214 


228 


212 


241 


249 


258 


207 


276 


9 




493 


■ 


294 


302 


an 


820 


829 




346 


355 


36 1 


9 




I'l 


373 


381 


890 


399 


K06 


417 


427. 


434 


413 


432 


9 




495 


481 


469 


478 


487 


496 


604 


518 


528 


531 


639 


9 




496 


:.l* 


.V»7 


566 


574 


".- ; 


592 


601 (100 


618 


627 


9 




W7 




644 


656 


662 


671 


679 




705 


714 


9 




198 


72:; 


732 


740 


749 


768 


7''.: 


775 


7W 


793 


801 


9 




199 


BIO -i" 


827 


s;-;r, 


345 


854 


N'2 


S71 


880 


888 


9 




500 


<:»7 


906 


'.H 1 


928 


982 


940 


049 




966 


975 


9 




601 


984 


.,.,._, 


,01 


olO 


„i* 


i27 


c.36 


o4l 


«..">;{ 


•62 


9 




SOS 


70070 


079 






105 


114 


122 


131 


1 1» 


148 


9 




v03 


157 


165 


174 


188 101 


300 


2i Kl 


217 


326 


2:14 


9 




MM 

N. 


213 


252 


260 
2 


260 

3 


278 

4 


886 

6 


295 

e 


303 
7 


312 


321 


9 







l 


8 


9 





In 










































r i05-549 LOG A aiTHMa 70329-74028 




N. 

mm 





1 
338 


a 
346 


3 


4 

104 


5 

■ 


e 

381 


7 


8 
39ft 


B 

KM 


P. 








506 


115 


4 IN 




III 






407 


47:> 




403 


8 






507 


601 


5i W 


51*1 






544 






*,..>> 




9 






508 


688 






613 


62] 




646 


AAA 




9 






MM 


679 


680 




697 




714 


7: . rai 


740 


. 


9 






MO 


7 -.7 


760 


774 




19] 


BOO 


81 is s 1 7 






9 






:»n 


^2 


65 i 






-7'» 


885 


W3 


IKtf 


910 


919 


9 






513 


927 




944 


952 


961 












9 






., . 


71012 


020 




037 




0S4 




071 


079 




6 






514 




LOS 


113 


121! 


130 




147 


15S 




172 


B 






615 


181 




196 




214 


233 


331 


240 


. 


257 


■ 








269 


273 


2go 


■ 


299 




us 


334 




341 


- 






617 


649 






874 








■ 


116 


42Q 


6 






•Ms 


433 


441 


150 


i> 


166 


175 4*3 


,,,.. 






6 








617 


635 




6fi 


-,.,<> 


"•''•7 


575 




593 


6 






550 


600 


609 


617 


63S 


634 


64S 650 




1 67 


675 


v 






531 


684 


60S 


7(H) 




717 


m 7:i 


743 


750 




8 






6231 


:* 7 


m 


7-1 


793 




817 


836 


.v.l 


MS 


B 






633 


650 




867 


*7", 




HOS 




'.'17 


93G 


B 






694 


013 


941 


OS i 


958 


H6 


978 






•os 


> 






525 


73016 


DM 


OSS 


oil 


01 '.I 


< 07 


074 






P 






636 


090 


107 


IIS 


123 


183 


140 148 


156 


|i S 


17:: 


B 






5117 


ISI 


iv> 


198 


■J 1 '■ 


JI4 


233 




239 


347 


355 


- 






538 


26 : 


273 


880 


288 


296 


SI 1 1 










P 








646 




863 






387 






in 


4iy 








530 


428 




ill 


458 


460 


109 


477 




493 


50] 


s 






631 


609 


618 


53 1 


■ ;i 


i 1 






567 




583 


s 






533 




599 


807 


616 


634 




ma 


MS 


i I 




B 






533 




68] 


A89 


607 


70S 


718 


7l*'_' 


730 




746 


R 






■ 


7.,i 


762 


77u 


no 


7s7 


ros 


808 


Ml 


819 


Bg7 


8 






535 




S4.i 








K76 


884 






- 






536 


918 


939 




941 




957 


M ■ 


*'7.. 


981 


8 






537 




KtKl 


oil 


•22 


i30 




■46 


•64 


b70 


8 






688 


7307* 


066 


094 


102 


111 


119 


127 


. 


143 151 


.s 








m 


167 


17:. 


i-; 


191 


199 


207 


21/ 


231 


X 






640 


289 


247 


259 




273 


280 


288 




304 ;i- ( 


a 






641 


320 






144 


352 








384 


B 








4<N> 


408 


116 


424 


; ■- 


MM 


4IS 


456 


164 47J 


8 






643 


-ISO 


4HH 




StH 


.'.ij 


S3 1 


528 


53fl 


544 552 


B 






5-14 


660 




5S4 


693 




608 Bill 


634 632 


B 






54:» 


640 


< 1- 


664 


673 


■■-7' 


687 




711 


s 






54(. 


719 


7-7 


7li 


751 


759 


76" 


775 7,71 


B 






547 


799 


807 


815 


B33 


• 






S70 


K 






MS 


879 




994 


902 


vld 


918 




941 


•HO 


B 






649 
I. 


9tf 


966 

l 


973 

2 


981 
8 


4 


"7 
6 


•06 
6 


•30 


9 


B 
D. 







7 


8 






11 













550-594 LOGARITHMS. 74036-77444 






N. 





1 


Z 3 


4 


6 


6 7 


8 


8 


D. 








74036 


till 


1152 


(Ml 


068 


074 


084 1 02 


1 


107 


8 






;.:> i 


tlfi 


123 


131 


139 


117 


155 


162 170 


178 


186 


8 






562 


I'M 


202 


210 


218 


225 


233 


241 


24.i 


257 


265 


8 






. . 3 


273 


2X0 


288 


296 


304 


312 




327 




(43 


8 






:>:>\ 


351 


;:.v.< 


67 


374 


m 


399 


398 


406 


414 


421 


8 






... 


-12V 


4:;; 


11- 


4.; 


461 


4(8 


47* > 


184 


192 


,i>n 


8 






. .i. 


.., 


515 




531 


m 


547 


554 


562 


570 


578 


9 






557 


686 


593 


601 


6 1 1 


617 


'•-24 


632 


640 


648 


■ ... 


8 






553 


i... | 


671 


679 


687 


695 


70S 


Tin 


7IS 


726 


733 


8 






i ,i 


7+1 


749 


767 


764 


772 


180 


788 


790 


803 


811 


R 






960 


819 


827 


834 


B42 


850 


858 


865 


873 


881 


889 


8 






66 i 


896 


904 


913 


'.•20 


927 


935 




950 




966 


8 






MS 


974 


981 


089 


'.".(7 


i03 


<»12 


o2U 


d2K 




i43 


» 






563 


75051 


o.V.i 


066 


U74 


OS 2 


089 


097 


105 


II . 




s 






50 1 


128 


130 


1 13 


151 


I. VI 


166 


174 


182 


1 89 


197 


6 






365 


205 


213 


220 


228 


236 


243 


251 


259 


266 


274 


8 






566 


282 


2 - 9 


297 




312 


320 


328 


335 


14 > 


351 








&67 


558 


366 


374 


381 


189 


397 


404 


412 


42o 


427 


■ 








435 


442 


-Cxi 


158 


465 


473 


481 


488 


4 ft 


504 


8 






569 


511 


519 


536 


■;! 


;>42 


549 


557 


56S 


572 


580 


B 






570 


587 


596 


603 


r.| it 


618 


626 


633 


641 


648 


556 


8 








064 


671 


679 


CSC 


694 


70S 


70S 


717 


724 


732 


a 






573 


7»'i 


747 


75S 


762 


77o 


77s 


786 


793 


sou 


808 


a 






-,;.; 


815 


823 


S31 


838 


846 


B53 


861 


858 


876 


SS4 


8 






m 


891 


899 




914 


921 


929 


937 


94 1 


952 


959 


8 






575 


167 


974 


982 


089 


997 


i06 


.■12 u20 


»27 


..;;;, 


8 






*7« 


76042 


060 


067 065 


o72 


080 


OKI 


103 


no 


8 






:»;; 


118 


I2fi 


133 140 


L48 


1 5fi 


163 170 


178 


185 


8 






m 


193 


200 


aos 


915 


22 : 


230 


238 245 


253 


260 


8 






.:■• 


20H 


276 


288 


290 


298 


305 


313 320 


:'- 


335 


8 






580 


S 13 


350 


368 


365 


373 


380 


395 


403 


no 


8 








418 


125 


-133 


140 


U8 


455 


1-2 470 


477 


1*5 








582 


492 


500 


507 


515 


522 


$30 


545 


552 


569 












.74 


582 


.-.so 


i 91 


604 


612 


619 


626 


634 






. 


■ ■i 


641 


649 


i. .(, 


cii-i 


671 


6T8 


i g| 


093 


701 












716 


rj:: 


730 


7::^ 


746 


753 


TMi 


768 


m 


782 








596 


790 


?97 


805 


812 


819 


827 


834 


842 


849 


856 








587 


464 


871 


879 


686 


39 ; 


vol 


Ml I.S 


916 


92 ; 


93Q 








588 


938 


94 i 


963 


961 1 


961 


976 


982 


989 


997 


•04 








5811 


77012 


in y 


036 


034 


041 


1148 


1 166 


1163 


070 


l»78 








;»'.mi 


1 185 


093 


100 


107 


115 


1 22 


129 


137 


144 


151 








501 


159 


1 66 


17:1 


181 


188 


195 


203 


210 


217 










592 




240 




254 


■ 


269 


276 


283 


29] 


298 








u; 


3(i.i 


313 


320 


.,27 


385 




349 


157 


364 


:;7i 








594 

N. 


379 


586 

1 


393 

2 


401 

a 


408 

4 


416 

6 


422 130 


1 '.7 
8 


in 




D. 









6 


7 






12 























































>95-639 Lor.AKI I'HMS. 77452-80611 




8. 


, 


2 


3 


* 


1 


a 


7 1 8 9 


D. 






595 


77453 159 


4G6 


474 


481 


488 


495 


510 »I7 


7 






.V.Hi 


626 


533 




546 


554 


561 




583 1 59il 


7 






597 




- 3 612 


519 


627 




541 


<ij(i 




7 






508 


670 


677 685 


593 




700 


714 


721 728 


1 (5 


7 






590 


71:; 


758 


757 


764 


773 


no 


786 


793 801 


-MIS 


7 






000 


BIS 


R22 


ssn 


837 


844 


351 




866 873 




7 






001 


■s^T 




90S 


909 


9JC 


924 


931 


V3.s ! 9 1 5 


952 


7 






602 


960 


967 


974 


981 


983 






olO | "17 


7 












046 




061 


06t] 


975 


i > >2 I 




7 






r, 1 1 


m 


ill 


118 


125 


139 


14(> 


117 


154 


16! 




7 








176 


183 


190 


197 


. ■ 


211 


■j ; g 


226 


233 


240 


7 








217 


254 


»a 


359 


276 


'- 


290 


291 




312 


7 






907 


:j|y 


326 




340 


347 


. . 


362 








7 








390 


39a i 13 


412 


119 


m 




11" 


447 




7 






6Q9 


IBS 


46o 47ii 


4*3 


490 


197 


■."! 


512 


510 




7 






610 


533 


540 547 


(fi i 


561 




-.J. 


" 




597 


7 






511 


r H | 1 


611 an 


(S5 


6 


640 


541 




661 




7 






6ia 


675 


682 




596 


7«H 


711 


718 


725 


: E2 




7 






613 


746 


1 ..: 




:•■: 


774 


781 


789 


roc 




810 


7 






614 


817 


834 


831 


U8 


845 


852 


859 


866 


573 


880 


7 






us 


XV S 




WW 


916 


.,_>. 


930 


937 


944 


951 


7 






616 


958 965 973 


979 


9g6 


ty ; 


MX) 


..n, 


-.14 


.21 


7 






•il7 


79029 


036 1*3 


n .it 


051 


-.1.1 


iiTI 




1 185 I »92 


7 






l)|S 


1 199 


106 II.; 


120 


127 


I (4 


141 


Us 


(55 162 


7 






619 


169 


176 188 


1 '.HI 


[07 


ao4 


•ill 


218 


22") 2V2 


7 






89 l 




246 253 


360 


•267 


274 


281 


288 


290 . I ' 


7 






621 


309 


316 


t3fl 


....7 


144 


351 




165 


7 






032 


386 193 


(00 


4n7 


411 


421 


12* 


135 442 


7 








449 456 


47(1 


177 


184 


491 




i Ml 


7 






694 


&18 629 132 


.'i:;y 




553 


560 


307 


574 HI 


7 






033 


588 595 1 60S 


li09 


616 


623 


630 


637 


644 550 


7 






606 


657 


664 571 


678 


685 


592 




706 


713 rao 


7 






627 


727 


734 741 




764 


761 


768 


775 


782 789 


7 






m 


796 


810 


SI7 


824 


831 


837 


S44 


-".i 


7 






an 




8T2 «79 




B98 


900 


VUO 


913 


9211 | ''27 


7 






030 




Ml M8 


955 


962 




975 


982 




7 






63J 


90003 


010 n|7 


"21 


030 


037 




1 61 


1 »66 


7 






633 


078 


< 179 


092 




1 i "■. 


113 


120 


127 134 


7 






■■ 


140 


147 154 


16] 


ICM 


(76 




IMS 


195 202 


7 






634 


809 


216 223 


229 






250 


251 


264 271 


« 








277 


384 291 






;i2 


818 




882 


• 






536 


346 


353 


a^9 


■M 


373 


880 


187 


393 


H)0 l"7 


— 
■ 








114 


421 


138 


4;t4 


III 


II- 


165 


162 


168 173 


7 






B38 


tta 


189 


196 


Mfl 




514 




5 ;i i 


5 :.; ,i; 


7 






639 




557 


M 


570 


577 


584 


59 1 




504 511 


7 






R. 





1 


2 


3 


4 


5 


B 


7 


8" 9~ 


D. 










3 













R40-684 LOGARITHMS. 80B18- 


33569 




s, 





L 


2 


3 


4 


5 


e ? 


8 


9 


D. 






MO 


Si MilS 






BSD 


545 




■ 


<i7l> 


679 


7 






541 


580 




li'.iy 


71 i> 


713 


720 


720 733 


740 


747 


- 






642 


7 VI 


700 


7ti7 


77 1 


7*| 


7*7 


70 1 $01 


sir. 


SI4 


; 






643 


R21 




83ft 


Ml 


K4H 


H55 




875 


SS-2 


7 






644 


ftffl 


a is 


903 


uou 


916 


922 


920 : 936 


943 


949 


7 








963 


969 


U7fl 


EKS3 


990 


996 


"Ml 


or, 


7 








030 


0.17 


ina 


050 


057 


iNi4 070 


077 


M>| 


7 






647 


1 191 1 


097 


104 


in 


117 


124 


131 137 


144 


1.11 


7 






048 


158 


hU 


171 


178 


184 


191 


198 204 


211 


218 


7 






649 


224 


231 


2o* 


■l\-> 


251 


268 


205 271 


:. 


2S5 


7 






650 


291 


298 


.105 


311 


31d 




331 


345 


351 


7 






051 


158 


165 


371 


37a 


383 


39J 


■ 405 


41] 


418 


7 






652 


42S 


431 


438 


1 Ci 


4)1 




405 471 


178 


185 


7 






65 ; 


491 


498 


505 


511 


Ms 


535 


531 >- 


544 


.1 


7 






664 


568 


564 


;->7l 


B78 


584 


591 


598 601 


-.11 


017 


7 






665 


m 


631 


r.;;7 


644 


651 


657 


664 671 


677 


664 


7 






666 


990 


■■.■■: 


704 


710 


717 


723 


730 7:J7 


74-i 


750 


7 






661 


757 


763 


770 


no 


H 1 


790 


7U6 803 


Ml'.l 


816 


7 






658 


823 


829 


- 1 


t*42 


wa 


• 


875 


6*2 


7 






669 




896 


90S 


'.MS 


915 


'.'-1 


928 936 


941 


948 


7 






660 


054 


961 


90S 


074 


981 


987 


904 t.00 


•09 


.11 


7 






66] 


8202U 


027 


■ 


itlo 


1)46 


06U 1)66 


o7:; 




7 






662 


D86 


092 


ow 


105 


112 


11V iaa 132 


138 


145 


7 






663 


LSI 


168 


164 


171 


178 


184 


l'.'I 


197 


204 


21U 


7 






664 


217 


233 


230 


236 


243 


349 


356 


26 1 


269 


a?6 


7 






666 


288 


389 


295 


: 19 


JUS 


3 IS 


321 


• -'- 


334 


341 


7 






..i.i. 


347 


.; , , 


360 




:{7!J 


360 


381 




URJ 


4U6 


7 






(KIT 


ii ; 


4 HI 


428 


432 


U9 


445 


452 


I >fl 


465 


471 


7 






668 


47* 


4X4 


4'. 'I 


i fl 


604 


510 


017 


523 


630 


■ 


7 






(,(.'.( 


,l : 


649 


B96 


562 


;»t.i 


67fi 


582 


588 


595 


6UJ 


7 






670 


607 


614 


6a i 


527 




640 


646 


653 


659 


B08 


7 






671 


672 


679 


68 i 


692 


698 


7i Ifi 


711 


718 


724 


73U 


'i 






672 


7.17 


74:i 


750 758 


763 




776 


7S2 


789 


795 


6 






673 


- 12 


808 


814 


821 


«S7 


.-.11 


840 


847 


853 


861 1 


6 






674 


666 


673 


879 


S85 


892 


— 


91 16 


911 


9]« 


924 


8 






676 


930 


937 


943 


950 


956 


963 


969 


97.1 


082 


088 


6 






676 


995 


lOl 


Ml 18 


nil 


..'JO 


ii27 


083 


»40 


b46 


052 


6 






677 


83059 


065 


072 


078 


086 


091 


097 


104 


110 


117 


8 






678 


123 




i id 


I I.: 


149 


155 


161 


lli.S 


174 


1*1 


6 






079 


1S7 


193 


•ji N 1 


21 16 


213 


219 


225 


232 




243 


6 






680 


251 




264 


270 


276 


2 -- ; 




296 


302 


308 









681 


313 


32 1 


327 


.;;t 


340 


847 


353 


359 













682 


37S 


385 


891 


: '-■ 


4o4 


ito 


417 


423 


1 16 


fl 








44:! 


44* 


IV- 


161 


407 


474 


4 Mo 


487 


493 


499 


6 






684 


506 


522 

1 


518 

2 


525 

3 


531 

4 


537 

6 


544 



.150 
7 


550 

8 


v. ; 

9 


6 

D. 











14 



















































83569-1 




B8&-729 LOGABITHMS, 


032f 






N. 
085 





l 


a 


3 


4 
W 


6 e 
601 


7 
613 


8 




620 


d. 
6 












686 




039 


6 a 


051 




604 


677 




flKfl 


<; 






887 


696 


702 


708 


715 


721 


727 T ; 1 


Tin 


746 




6 






.... 


759 




7T) 778 


784 


790 797 


80S 




Mi, 


6 






889 


882 


B28 


835 


S41 


H47 






871 




6 






890 


188 


891 


897 




910 


916 






942 









891 


948 


964 


900 




973 


979 (S3 






o04 


t 






893 


84011 


017 


023 129 


036 


042 "H 


055 




067 


6 








o7.'t 




OH 002 


096 


106 


111 


117 


123 


ISO 


6 






094 


13 ft 


142 


148 


155 


101 


107 


it; 




186 


192 


6 








198 


205 


211 


217 


223 


230 




212 




256 


6 






896 


281 


367 


273 


280 




202 -'- 


306 


811 


317 


6 






097 


823 


830 


336 


:;i2 




354 (61 






379 


6 






098 




892 




Ml 


4lo 


417 




429 


135 


112 


6 






099 


li- 




460 


(06 


47.1 


47') 


(85 


491 


497 




6 






7»M> 


510 


H6 


522 


"_■■ 




541 


547 








6 






T01 


■'.72 


578 


584 590 


697 


603 500 








6 






70S 




040 


646 652 




605 


671 


077 




' 


6 








096 


702 


Tt.v 


714 


720 


726 


7;: 


739 


T IS 


751 


6 






704 


m 


763 


770 


77(i 


782 


7ss 


794 


S<M1 


807 


813 


fl 






709 


819 


835 


831 


w 


Hi 


8&0 




m 




B74 


6 






Tim; 


880 


887 


303 


890 


905 


911 


917 


924 




936 


6 






T07 


94S 


VI- 


954 


900 


967 




979 


985 


99 1 




6 






708 




009 


016 


i Q2 


018 


034 


MO 




062 


053 


6 






70S 


066 


071 


(177 0H3 


089 


06 1 


101 


107 


114 


190 


6 






Tin 


190 


I3S 


188 


144 


150 


156 


163 


169 


175 


1X1 


B 






Til 


I^T 


193 


199 


_■ IS 


211 


217 


221 


130 


■_'■■< 


212 









712 


948 


354 


261 1 


366 


272 


978 




99] 


297 


803 


6 






T13 


309 




321 


B7 


333 


339 


345 


352 






6 






714 


370 


3Ti. 


;isu 




894 


4i hi 




411 


418 











Tl, 


431 


437 


11.; 


449 


465 


401 


461 


473 


479 




6 






7 Mi 


491 


m 


51 1 ; 


Vn 


516 


522 


528 


534 


1 


546 


8 






717 


86f 




964 


S7 ' 


576 


-.--■ 588 


594 




606 


fl 






718 


6 1 2 


618 




631 


637 


643 849 


655 


661 


667 


(i 






719 


673 


679 


680 


691 


097 


708 i 709 


715 


721 


727 


6 






790 


733 


7# 


746 


751 


757 


763 709 


775 


781 


7" 


6 






721 


794 


MKI 


a 16 


812 


sis 


824 130 


K3fi 


B42 


84H 


n 






raa 


854 


860 


R66 


872 


878 


KN4 1 890 


896 


902 


'.HIS 


6 








914 




932 


038 


944 


950 








II 






724 


974 


no 






Mi (4 


olO 


,10 




d28 


6 










040 


040 


052 


058 


004 


070 


m 






6 






726 


094 


|1MI 


106 


112 


118 


121 


I 1 1 


136 


111 


147 


i. 






727 




159 


105 


171 


177 


183 


189 


194 


201 











raa 


213 


•21 V 


22.'. 


231 


237 


243 


21' 


255 




267 


G 






739 


373 


■JT'i 
1 


S 


291 

3 


891 

4 


80S 

6 


; Ifl 
6 


.114 
7 





326 



6 
0. 















la 











730 774 LOGAJUTHM& 86332-88925 




I, 





I 


2 


3 


4 


6 


7 


R ! 9 


D. 






1 10 




338 


M4 


: 5 1 


366 


362 


374 


380 


386 


8 






7:;l 


392 


1 


40-1 


410 


1 1 ■'. 


421 127 


433 


439 


417 


6 








161 


;■■; 163 


469 


(77 


1*1 487 




499 604 


('■ 






733 


5J0 


516 022 


■ 


►34 


540 


716 


652 


584 


6 






T34 


.,7o 


576 


581 


587 


593 


509 


505 


611 


817 823 


6 






7:::, 


629 


64] 


646 


663 


668 664 


870 




6 






736 


- 694 


700 


705 


7t| 


717 723 


729 


735 7 11 


6 






T.'iT 


747 


i 


760 764 


770 


776 782 




794 BOO 


6 






738 


B06 


»I9 


si 7 823 


829 


835 Ml 


847 


859 


-■ 






7.;'.' 


864 


870 


stiv a - a 


sss 


894 im 


906 


911 . 917 


6 






T40 


923 


03U 


.HI 


947 


053 


'.'i,i 


070 976 


6 






711 


988 


088 


994 999 


i05 


oil <<I7 


»23 


.,'_"' .,:::, 


6 






W3 


87040 


046 


1 152 ■ ' - 


064 


070 IJ75 


nx| 


087 093 


6 






Tr: 


099 


105 11! 


IK*. 


122 


128 134 140 


146 161 


6 






711 


■ 


163 


169 


17 i 


181 


186 192 


IMS 


•j. i 210 


6 






7i:. 


216 


231 


227 


233 


239 


246 251 


256 


262 268 


1 






746 


274 


280 "' i 


29 1 


'J'.' 7 


303 


EOQ 


■ i 


.'■_■<■ 









717 


332 


- 3 1 4 


.149 


365 


361 


367 373 


384 


fl 






748 


390 


396 402 


41 W 


413 


419 


425 


43] 


137 442 


6 






7 19 


148 


464 MW 


466 


471 


477 


1- : 


-1 VI 


; 51 ii i 


6 






7-ii I 


606 


512 618 


523 


529 


535 


541 


547 


552 


558 


fi 






761 


664 


570 S76 


581 


587 


503 


599 


604 


IVIU 


616 


fl 






762 


i. - 


62fl 1 ■ ■ 


639 


646 


Bfll 


656 


662 


fififl 674 


6 






7S3 


679 


B.N3 691 


(V.i 7 


703 


7i in 


714 


720 


726 7.;i 


6 






764 


7;i7 


\ c 749 


754 


760 


760 


77-J 


777 


789 


fi 






766 


795 


BOO «00 


812 


US 


sj;i 


829 




841 946 


6 






756 


858 


858 


Sfi4 


869 


«7fl 


SS| 


387 


892 


904 


li 






757 


910 


013 


921 


•'27 




938 


944 


950 


961 









768 


967 


"7;; 


978 






998 


nOl 


»07 


B 13 


D 18 


1 








58024 


030 


■ 


o4l 


047 


053 


058 


0(14 


070 


076 


6 






766 


OS] 


087 


093 


098 


164 


110 


116 


121 


127 


133 


6 






761 


138 


ill 


L50 


156 


161 


167 


173 


1"H 


184 


190 


fl 






762 


m 


201 


207 


2 a 


218 


224 


230 


'J. 1,7 


241 


247 


fi 








sss 


258 


264 


270 


275 


281 


' 


292 


298 304 


6 






164 




31 - 


.'J2I 


326 


■ 


188 


343 


349 


355 360 


ii 






768 


366 


372 


377 


363 


889 


395 


400 


406 


112 417 


6 






766 


m 


•l-j'.i 


1 :i 


44o 


-1 16 


451 


457 


]■"■ 


I'.s 474 


6 






767 


480 


4K5 


191 


497 


61 >J 


508 


513 


ill 


>25 


6 






768 


686 


642 >47 


■ 




>64 


570 


676 


581 587 


6 






769 


698 


508 


604 


610 


616 


521 


f.27 


632 


688 43 


8 






770 


649 


C,7;, 


660 




672 


677 


683 


686 


694 7oi) 


8 






771 


706 


711 


717 


7ffl 


728 


734 




745 


75 1 756 


6 






772 


769 


761 


773 


77V 


784 


790 


796 


w»i 


412 


ti 






773 


s 1 8 


824 


829 


835 


#40 


846 


852 


857 


. 868 


!'■ 






771 
If. 


^7! 


880 
1 


885 
3 


891 

3 


W7 

4 


... j 
5 


e 


yi3 

7 


919 925 

8 j 9 



D. 











10 













































775-819 LOGARITHMS. 88930-9137G 




H. 

na 





1 
036 


3 
941 


3 
947 


4 

953 


5 


6 
054 


7 

009 


8 

'7", 


e 


B 








ne 


■J-.i 


009 


a >: 






..14 


»S0 


o2fl 


D 11 


. 


6 






777 


s«04a 


048 


. 


059 


064 


070 


07fi 


081 


1)87 


002 


6 




■ 


77- 




I'i4 


log 


LIS 


120 


1 26 


131 


131 


1 I . 


I4H 


8 






77'J 


KM 


IV' 




I7u 


176 


[82 


187 




IMS 


204 


8 






780 


aofl 


215 


221 






287 


248 




254 


26a 


ii 






781 


265 271 


276 






n 


298 


;w4 


(10 


.17 


8 






7^J 


321 


382 


337 


■ 


348 


554 


365 


771 


8 






7H3 


37G 382 


387 


393 




i<H 


tog 


417. 


121 


426 


8 






781 


432 +37 


443 


44S 


164 


459 


166 


47o 


476 


181 


8 






;--, 


183 499 


498 


MH 




516 


520 


526 


■i 


B 17 









78 ■ 


542 vis 


553 


559 




570 


7,77. 


58J 




592 


6 






787 


597 503 


609 


6J4 


620 




fl 1 


636 


542 




6 








1 . : 55g 


664 


« . ' - ■ « 


07.". 


68a 


6H6 


601 


GU7 


8 






788 


:i ; 


719 


7:M 






741 


746 


752 


7.(7 


8 






7 | I 


7 ; :>:< 


774 


77'.' 


783 


•90 




801 


-"7 


' 


5 






7.U 


HIH 




-.;} 


mu 


m 


551 








5 






799 


s7;; ft78 


■ 




894 


oou 


905 


Mil 


MlM 


...... 


5 








so; i . 




944 


MO 




960 


066 


071 


"77 


8 






794 


».- 


993 


998 


•04 


t09 




tiU 






5 






7VS 


00037 043 


948 


U58 


050 


064 


069 


075 




,...-. 


"> 








001 IM>7 


m 


|o> 


11 1 




124 


120 


IHS 


M<> 


5 






7 '7 


146 151 




I6S 


[6H 


i?a 


170 


164 


1- ' 


195 


5 








■_' 1 1 


211 


an 239 


227 






244 


249 


5 






. it 


255 260 


966 


271 276 


283 


287 




a ih 


MM 


> 








309 .ill 


;;i!i) 


325 331 


':.;■'. 


9 IS 


[52 




5 






IHM 






380 


385 


iou 


396 


401 107 


112 


5 






• 19 


417 423 




l.M 


489 


447. 


450 


165 161 


li,i, 


"i 








172 477 




4SS 


1 13 


109 




5UU i 515 


•20 


5 






804 


■-• 


531 






m 


163 


558 


503 




■ 


5 






- 8 


S90 


585 




506 


601 


507 


6IS 617 




638 


5 






Hi Hi 


534 


639 


644 


560 


555 


560 


666 671 




l»M* 


S 






Vt7 


587 


693 


ttyx 


703 


1 1 19 


714 


7-i ' 728 


7 .in 


786 


7. 






aoa 


741 


747 


752 


757 


768 


768 


,7m 


1*4 


1 


6 






sum 


rw 


■SIM) 


MK, 


Mil 


Mr". 




827 332 






6 






MO 


MO 


854 




8G» 


570 


578 


SB] 


-■>, 




8 






sn 


002 


007 


' 


MIS 


924 


939 


034 MU 


»4fi 


KM 


1 






919 




%l 


966 


07a 


'77 




903 


998 


.in 


6 






818 




014 




osa 


030 


u 15 


041 Wfl 


1)52 


ii .7 


5 






S14 


. 


■ 


078 


U78 


084 


Offt 


004 LOO 


1U5 


no 


•i 






m 


Ilfl 


121 


126 


l.;-j 


137 


149 


148 158 


158 


164 


5 






u« 


I 19 


174 




185 


I'M! 


196 


•Jul 


212 


217 


5 






m 


222 


22* 




_ - 


243 


249 


254 


265 




6 






sis 


875 


281 




291 


297 




307 312 






6 






Big 




■iil 


344 

TjT 


850 

4 


6 


1 


865 

7 


871 
8 


376 

9 


5 

D. 







1 






17 













































820-864 LOGARITHMS. 91381-93G97 








H. 





l 


a 


3 


4 


& 


6 


7 


8 


9 


D. 








821 | 


91381 


3H7 


I 'j 






IUH 


113 


41- 


424 


429 


6 








BSI 




140 


n. 


450 


■ 


401 


466 


-17] 


r,: 


482 


■ f > 








822 


487 


492 


498 


503 




Ml 


■ y 




529 




5 








- 






551 


...<'. 


50 1 


.700 


572 


.-.7 7 


682 


587 


3 








894 


693 


598 


603 


509 


(.14 


619 


624 


63U 


633 


64U 


5 










643 


65] 


656 


661 


600 


6T2 


677 


682 


687 


693 











B26 


Wis 


703 


7lW 


714 


719 


724 


730 




74o 


748 













751 


751 


761 


F66 


772 


777 


782 


787 


793 


798 











HS8 


803 


808 


814 


519 


824 


KM 


K34 


Mo 


B4J 


861 1 


5 








829 


BOfl 


81 1 


80rt 


871 


B70 


889 


887 


892 


897 


90S 


5 








1 


30fl 


918 


918 


121 


929 


934 


939 


'.'44 


■ 


953 


5 








581 


M(l 


965 


071 


370 


981 


980 


991 


997 


ooa 


(.07 


5 








833 




OH 


023 


028 


f>3 1 




044 


049 


0.74 




5 








883 


063 


070 


07.7 


080 


085 


091 


090 


loi 


100 


111 


5 










n; 


I2'J 


127 


132 


1.77 


143 


I4S 


153 


158 


163 


fi 








835 


109 


174 


179 


LS4 


189 


195 


j< in 


203 


210 


215 


5 










221 


220 


23] 




241 


247 


252 


237 


262 


207 


5 








..; 


373 




283 


■j— 


293 


298 


304 


309 


314 


310 


b 










324 




336 


m 


340 


350 


353 






371 


6 








839 


376 


381 




392 


897 


409 


497 


412 


41fl 


423 


•7 








840 


433 


433 


L3£ 


443 


449 


4.71 


4.7'.' 


404 


109 


474 


•'"■ 








Ml 


-I'MI 




4WI 


193 


.7ini 


51 * 7 


711 




62 1 


526 


•" 








' 


631 


.536 


642 


547 


559 




502 




572 


578 


a 








1 ■ 


583 


588 


■ 


598 


303 


61 19 


614 


619 


024 


629 


B 








Nil 


334 


639 


.■1.7 


350 


555 


660 


60S 


670 


670 


OH] 


5 








846 




89] 


i>W 


701 


700 


711 


716 


723 


7J7 


732 


h 








H4ti 


::•>: 


74fl 


7 17 


752 


> 


763 


768 


778 


77S 




■ 






■-; 


m 


7":: 


799 


-I 


$09 


814 


319 


824 


829 


834 


6 








840 


s-1.7 


S.70 


£55 


360 




•7o 


ST.". 


86 l 


880 


•7 








849 


B9I 


S% 


90] 


91 H5 


'.Hi 


916 


921 


927 


932 


937 


■' 










043 


'.'IT 


95a 


057 


90S 


967 


979 


978 




08fl 


6 








35] 


393 




1 


r>08 


.i 1 3 


.,ls 


n24 


i29 


ft! ! 


•39 


■~i 








W»2 


93044 


049 


1 1.7 J 


059 


064 


069 


077 


080 




1 191 1 


7 










in, 


loo 


IOQ 


110 


115 


120 


12.7 


131 


ISO 


141 


6 








354 


I4G 


i .1 


i MS 


ir.i 


166 


J7I 


176 


1*1 


186 


193 


5 






656 


LOT 


a a 


L'i)7 


212 


217 


222 


227 




237 


242 


S 








'J -17 


aaa 


268 


. 


•Jf.S 


27;* 


278 


283 


288 


293 










B57 


-J MS 


i) 


tOH 


.1 . 


318 


323 


328 


.. . ! 




344 


•'■ 








s.vs 


349 


35 i 




104 


309 


87 l 


179 






/■I 


5 








369 


399 


404 


409 


III 


420 


425 


i to 


435 


440 


4 1.7 


5 








300 


400 


-1.7.7 


401 » 


403 


47(1 


478 


480 


489 


490 




6 








8fil 


too 


50S 


510 


717 


520 


626 


531 




541 


540 


5 








803 


351 




501 


500 


.'.71 


570 


; 




093 


590 


5 










801 


.'.Of- 


'•■It 


610 


52] 




631 


■ 


tf41 


040 


5 










031 


' 


00] 


606 


071 


670 


683 






097 


B 








H, 





1 


2 


3 


4 


5 


6 


7 


8 


g 


D. 






1 




18 













































































865-909 LOGARITHMS. 93702-95899 









1 


2 


3 


4 


5 


fl 


7 8 


8 


D, 








■ 






717 




727 


73a 


737 


742 


747 


'• 








762 








77'J 


777 


7K2 


787 


792 


797 


5 






R61 


909 


30V 


si -J 


817 


R23 


827 




887 


842 




5 






m 


352 




SOS 




m 


v77 




887 






5 






m 


900 


'.H)7 


919 


•.'17 




927 


932 




948 


947 


5 






*7<> 


950 




%2 


061 


■:.■ 


977 


982 


987 


992 


997 


5 






371 


40 12 


oi>7 


019 


on 




027 




037 042 


Q47 


■ 






872 


' 


i).»7 


IH'.'J 


007 




ti77 


082 


OKfi 


091 





5 








Ml 


108 


III 


110 


121 


126 


131 


130 


141 


146 


."> 






S74 


w 


156 


5] 


I6fl 


171 


I7fi 


1-1 


180 


I'M 


196 


5 






875 


90] 




211 


! U*! 


JJl 


226 


■_ i 




240 


245 


5 






170 


sso 


aw 


200 


200 


270 


275 








295 


5 






^77 


500 




310 


315 






830 


335 


340 


845 


5 






*>7- 


349 


364 


159 


104 




374 




;;m 




894 


:» 






879 


399 


*<>i 


409 


ill 


419 


424 


429 






44;: 


a 








us 


153 


468 


463 


166 


47:; 


47* 


483 




493 


3 






m 


wa 


503 


507 


512 


;.17 


522 


527 


582 


. 


642 


r. 






382 


547 


552 




563 


567 


571 


571 


581 




591 


5 










601 




611 


61fi 


62! 








640 


5 






884 


648 


850 








(70 


678 






689 


5 


H 






891 


598 


7W 


709 


711 


719 


m 


729 


734 


73S 


5 






m 


71: 


74S 


K 


768 


763 


768 


77;; 


778 




7S7 


"» 






— 7 


7 19 


7'.'7 


80S 


BOI 




SI7 


..... 


f*27 


K32 


636 


5 








341 


846 


361 


-v, 


361 




•71 




KHO 




6 






$gg 


390 


895 


900 


90S 




915 


919 


US4 


ft2V 


984 


5 








939 


944 


9-19 


''.'-l 




963 




978 


978 


983 


5 






B9I 






■ 


,02 


|01 


ill 


.17 


•28 


»27 


..32 


5 






599 




mi; 


046 




■ 


.M.I 




071 


075 




5 






893 


• 


090 




|(MI 


106 


109 


111 11' 


124 


129 


5 






\'j| 


I H 


139 




148 


1&3 


158 


103 168 


173 


177 


5 






895 


IBS 


m 


tea 


197 


202 


207 


i^ll 916 


221 


226 


^ 






996 


331 




340 


245 


250 


2fc 


•_'«•»( i 265 


270 


274 


6 






897 


279 


2*4 


389 


J'l 










323 


5 






vis 




331' 




342 


347 


■ 


161 


366 


871 


5 






89) 


870 


381 


366 




395 


4*hi 


405 i 610 


415 


419 


8 






900 


i_'i 


139 


;. i 


i.i 


1-U 


44S 


453 468 


463 


4 lis 


6 






901 


472 


177 


4vj 


4*7 


,<».» 


4U7 


501 S06 


511 


516 


5 






BUS 


521 


535 


530 


.:'> 


54l) 


545 


550 554 


m 


564 


5 






903 


569 


:»74 


378 


IMS 




(93 


.V.is 602 




fil2 


5 






9tM 


617 


(f2-2 


r, -v. 


831 




Ml 


fl 10 


655 


(trill 


5 






909 


80S 


fi7o 


fi74 




f»4 


689 


898 


703 


70S 


5 






9iM 


71.; 


711 


722 727 


7;j 




74-_* 746 


751 




5 






'.to; 


701 


766 


77n 


775 


7 


7*5 


789 794 




804 


5 






908 


SIM 


813 


318 


H23 




H32 


R87 


E442 


Ml 




5 






N. 


3M 


SOI 
1 


2 


-•71 
3 


871 

• 


HftO 
5 





7 


8 


899 

1 


5 













IK 







910-954. LOGARITHMS. 95904-97996. 




H. 





1 


3 


3 


4 


5 


6 


7 


8 


9 


D. 






910 


96904 


909 


914 




123 


928 


933 




942 


• 17 


6 1 




'.'II 


951 


'.'.'.7 


961 


966 


.*7I 


976 




985 


990- 




6 




913 


'"» 


»04 




oil 


Dig 


..23 


o29 


d38 


d38 


<i42 


& 




913 


96047 




067 


(Hil 


1 16 '■ 


071 




080 


1 •<, 


090 


5 




914 


098 


099 


lo4 


109 


114 


118 


128 


128 


133 


137 


5 




915 


143 


147 


163 


isr> 


161 


166 


171 


175 


\m 


185 


B 




916 


[90 


m 


199 


201 


j 19 


213 


218 


223 


221 


283 


5 




017 


237 


342 


846 


251 




261 


2<15 


•JTi> 


276 


280 


D 




918 


2*1 


389 


39 1 


308 


308 


308 


313 


317 


833 


337 


D 






9t9 


332 


336 


.ill 


846 


(V> 


355 


360 


SG6 


369 


874 


fi 






920 


379 


384 


393 


(98 


402 


407 


412 


117 


421 


6 






021 


486 


431 


433 


140 


jr. 


150 


■ 


159 


161 


468 


6 






032 


47i 


• 


m 


109 


497 


501 


■ 


,M 


515 


5 






923 


630 


&25 530 


34 


639 


544 


548 


.. ; 




as 


6 






924 


567 


572 


BT» 


;">S| 




591 


- 1 


I.I HI 




609 


5 






925 


•ill 


619 


624 


628 


Q : ; 


638 


643 


647 


658 


6 >ti 


6 






926 


66 1 





670 


676 


6B0 


688 


689 


094 


,J r 










927 


70S 


713 


717 


722 


727 


731 


786 


741 


/I. 


750 








928 


J 


' 


764 


,1.. 


774 


77* 


783 


780 


793 


T97 


8 






929 


so- 


806 


Ml 


B18 


K20 


825 


-. i. 


KS4 


839 


844 


6 






930 


S4S 




8AS 


B63 


B67 


872 


-7C 


SHI 


*B6 










9*1 




900 


'.ml 909 


014 


918 


933 




933 


987 


fi 






932 


.,,.. 


•.Mr, 


961 


936 


U60 


966 


970 


074 


979 


984 


6 








988 


993 


997 


o02 


<i07 


»11 


olO 


b2J 




•30 


D 






•■i 


97o;j:» 




o4l 


060 


153 


058 


007 


073 


077 


A 






985 


091 


08ft 


o<»0 


DOS 


loo 


104 


109 114 


lis 


12) 


B 






936 


L2a 


183 137 


142 


146 


151 


166 160 


1 66 


169 


ft 








174 


179 


188 


|s> 


193 


197 


aoa 206 


211 


216 


5 






'.MS 


22Q 


' 


•j. ( ii 


28 i 


239 


243 


24* 258 


267 


262 


6 






939 


267 


-71 


S76 


280 




890 


294 


209 


304 


308 


5 






940 


313 


S 1 7 


823 


327 


881 


a 16 


540 


346 


35o 


354 


8 






-11 


859 


304 


36$ (73 


377 




887 


391 




Ion 


5 








405 


110 


lit ll' 


124 


428 


i. 


187 


412 


417 


6 






943 


461 


166 


16(1 405 


47<» 


474 


47V 


4s;: 


4^s 


193 


* 






944 


497 


:•»■: 


:.li 


516 


520 


636 




534 


539 


6 






9 15 


543 




663 557 


>M 


666 


571 


575 




586 


6 






946 


669 


M 


60S 503 


07 


613 '17 


621 




630 


8 






'.U7 


6S6 


Mo 


644 648 


658 


663 


667 


678 


67G 


6 






948 


681 


6 a 5 


69(1 


61 >:> 


699 


704 


708 


71 : 


717 


722 


6 






■J 19 


727 


73! 


786 


71 I 


7r, 


749 


754 


7 V.' 




768 


5 






951 1 


772 777 


783 




791 


795 




KM 


809 


818 


6 






05] 


s\< 


1 


827 


x:t2 


<:.r, 


Ml 


K4fi 






859 









95a 


U l 


8fiK 


878 


S77 


s<2 




891 


R96 


900 


■ 


6 






96a 


900 


'.Ml 


916 


923 


')2* 


932 


937 


Ml 


946 


960 


S 






■ A 


'i tg 


969 


91 i 


968 


973 


978 


V^'2 


983 


991 


996 


5 






H. 





1 


s 


3 


ft 


b 


e 


7 


8 


8 


a 




: 




20 













































































955-999 LOG A KITH MS 98000.99U9C 






H. 
B5fl 





1 
003 


2 

utTJ 


3 
014 


4 


5 3 


7 
033 


9 


9 


D. 

5 




98000 


023 


U28 




itffi 


046 




065 


059 


uU 


008 


073 


oT.s 


082 


^■-7 









957 


091 


■ 


Ion 


liu 


10S 


ill 


118 




127 











958 


137 


Ml 


140 


150 


ISO 


150 


104 


LOM 


17., 


177 


e 






959 


tus 


180 


191 




11 Hj 


204 209 


-J II 


2lfi 


223 


5 








227 


232 


230 


•J41 


240 


250 


:Sl 


259 






£ 






961 


273 


i" 


281 


. 




295 


299 


304 


■ 


813 


5 






902 


318 


323 


321 


■ 1 




340 


■ 






358 


5 








3G3 


3 -7 


372 


370 


381 


385 


3VO 






403 


5 




' 


964 


•ins 


412 


■117 


4^1 


120 


1 10 


I;., 


409 


4 14 


148 


5 








459 


157 


402 


100 


471 


475 


4 SO 


484 


489 


493 










408 


fc>a 


■ J 


5tl 


516 


520 


51*5 


m 


534 










KM 


543 


547 






501 


505 


570 


:•: | 


679 












sss 


593 


m 


601 


505 


610 


014 


019 


623 


628 










oaa 


637 


041 


040 


050 




659 


,,.■! 




673 








970 


on 


589 




091 


605 


700 


7«.| 


709 


713 


717 








'.•71 


733 


;_><•. 


751 


736 


740 


711 


749 


753 


758 


762 








973 


761 


771 


77(1 


:- I 


7^1 


789 


793 


798 




807 










811 


810 


830 


B35 


929 


834 






-17 


851 








974 






005 




S74 


<7^ 


883 














97a 


0QQ 


905 


909 


914 


918 


92 1 


927 


933 


080 


041 








076 


946 


u 1 


954 




903 


■ 


972 


970 


981 


985 








on 


989 


.Ml 




•03 


•07 


..12 


tie 






■■'_!'.» 








978 


99U84 


J38 


043 


i»47 


1 63 


n ,■. 


ooi 


065 


008 


H7l 








979 


iiTs 


orjg 


087 


U93 


090 


100 


too 


109 


in 


lis 








■■- i 


isa 


127 


131 


1. 1 


140 


14. 


11" 


154 


158 


162 








j<1 


161 


171 


170 


I8U 


IMS 


|v. 


193 


198 


2U2 


207 








[H2 


211 


210 


•w„ 


•J'J4 23 \ 






243 


247 


251 








9*3 


259 




204 


J7:t 


277 




•JM. 


201 










981 


;ii m 


. il 


308 


313 i :il7 


324 


320 


330 














m 


348 




ai .'."i 




370 


.,7-1 












980 


388 


392 


1 


4u 1 J 15 


410 


414 


410 


i_'.; 


127 








987 


133 


430 


441 


140 149 


464 


45* 


403 


467 


471 








988 


47ii 


4 SO 


4.S4 


i 13 


I <• 


502 


300 


Till 


515 










520 


:>24 


528 


537 


542 


540 


;'..'.!• 












i » 


564 




572 


577 081 


J8fi 


590 














991 


507 


512 




021 0*25 


52 1 






642 


647 








1 ^ 


051 




500 


6C4 




573 


'.'77 


682 


680 


iV M 








■-.'; 




099 


7i>4 


'<<■- 


712 


717 


721 


720 




734 








991 


799 


743 


717 


70S 




7 i | 


706 




771 


77< 








995 


789 


7^7 


791 




900 


-il 




819 




B2S 








998 


820 


S3 | 








-4n 


■ ■■j 




BOi 










997 




874 


sTs 


... 




K9I 


■ 




Otll 


909 










913 


'.•17 


922 




930 


935 


9 ;■> 


vil 




952 








E 


957 


901 

l 


a 


97d 

3 


074 

4 


978 
s 





U87 
7 


001 

8 


9 


D. 









s 


K 3& 21 







1000-1044 




LOGARITHMS. 




0000O-01907 


H. 
1000 





i 
004 


s 


3 j 4 


5 
022 


6 
026 


7 
030 


8 

035 


9 
039 


D. 
4 




ooooo 


013 


017 




1001 


043 


048 


052 


050 


(Mil 


005 


009 


074 


07M 




4 




|002 


087 


091 


095 


Mo 


104 


LOS 


113 


117 


121 


I2rt 


* 




1003 


130 


134 


139 


143 


147 


152 


100 


[00 


165 


160 


4 




[004 


173 


178 


182 


ISO 


101 


195 


1'J'J 204 208 


212 


4 




I - 19 


217 


231 


225 


230 


234 


238 


243 


247 


251 


255 


4 




1000 


260 


204 


•-< - 


273 


277 


26 1 


280 


200 


294 


299 


4 




1 "7 




;[07 


312 


310 


820 


32S 


329 


333 


137 


342 


4 






$46 


350 


355 




108 


3C8 


372 




t81 


385 


4 




|(X>9 


339 


303 


898 


402 


4»H5 


411 


415 


ll. > 


424 


428 


4 




! HO 


432 


438 


141 


445 


1 19 


454 


156 


462 


407 


■171 


4 




loll 


475 


479 


hi 


188 


492 


497 


501 


51 16 


509 


514 


4 




1012 




522 


527 


\;i 


135 




544 


148 


552 


557 


4 




1018 


501 




570 


574 


$78 


582 


587 


591 


595 


000 


4 




1014 


604 




612 


517 


621 


62S 




634 


038 


048 


4 




1015 


047 




055 


159 


504 


008 


672 


S77 


est 




4 




|0|fl 


■ 


69 i 


702 


700 


711 


715 


7!" 


721 


728 


4 




1017 


739 


7 1 


71! 


745 


749 




758 


762 


766 


771 


4 




1018 


775 


770 


m 


7R8 


7'.>2 


796 


SIN) 


305 


MOO 


m 


-1 




1019 




B2S 


BSM 


v : i 


m 


839 


843 


-17 




' 


4 




1020 


X(il> 


SCI 


869 


»73 


^77 


881 


S86 


890 


894 


898 


•1 




1021 


903 


907 


•Ml 


915 


920 


024 


928 


932 


937 


'.ill 


4 




1022 


945 


949 


'i.l 


958 


902 


•ir, ( '. 


071 


975 


9 1 9 


983 


4 




1023 


988 


992 


996 


iii hi 


105 


,,11'j ni ; 


«.I7 


..22 


- 24 


I 




iim 


01030 


034 


038 


lU.i 


047 


051 1 055 


000 


004 




4 




1025 


073 


077 


Ofil 


085 


089 


004 098 


102 


100 


III 


4 




1 1 126 


115 


119 


I2:t 


127 


133 


131 U(l 


144 


149 


I5;i 


4 




1027 


157 


li. 1 


100 


170 


174 


178 


182 


1X7 


101 


i' s 


4 




|l)2fl 


199 


•' 1 


■_-i is 


-212 


■J 1 5 


23 1 


225 


220 






4 




1029 


•24'1 




250 


254 


258 


2(13 


207 


271 


270 


280 


i 




1039 


284 


288 


292 




3(11 


a « 


.; 19 


313 




■ 


:■ 




1031 


320 




334 


339 


343 


. 17 




353 


360 


364 


i 




[032 


300 


.'(72 


870 


381 


385 




393 


307 


L02 


4«'i» 


4 




1033 


410 


It) 


418 


423 


127 


4;u 


4;::> 


430 


■ill 


448 


-i 




1034 


452 


400 


i I I 


m 


409 


473 


477 


4SI 


436 


191 


-I 




1033 


494 


!■ - 




507 


.'ill 


610 


510 


523 


528 


532 


4 




1030 


530 


540 


544 


•VI'.* 


m 


557 


m 


;.r,;, 


509 


574 


4 




1037 


578 




580 


590 


595 


099 


503 


007 


Oil 


Q|0 


■i 




1038 




624 


528 


032 


G3*» 


041 


145 


l>*M 


053 


057 


•I 




1039 


602 


000 


67(1 


674 


078 


082 


087 


noi 


005 


600 


•I 




1040 


703 


708 


712 


716 


720 


724 


728 


733 


737 


741 


4 




1041 


740 


740 


753 


758 


702 


700 


770 


774 


77* 


783 


-! 




1042 


7^7 


791 


795 


799 


803 




B12 


Klrt 


K20 


824 


! 




l<>t:; 


B28 


MM 


837 


sli 


R45 


Mfl 


<>:>, 


858 


862 




! 




V. 


870 


874 

1 


2 


883 
3 


B87 

4 


801 

6 


895 

e 


809 
7 


8 


007 

8 


•1 

a 














































1045-1089 LOGARITHMS 01912-03739 




1045 





i 


2 
020 


3 

024 


4 


5 


B 


7 
941 


8 
945 


8 

049 


& 




UX019 


916 




|l N 


053 957 


•M\\ 


006 


970 


.171 


978 


'.l.vj 




•.".'I 








lo|7 


095 WO 


o03 




.,11 


»15 


►20 


.,21 




•32 








I04tj 


U9036 


0(0 


044 


040 


OSS 


051 


061 


065 




073 








1040 


078 


082 


086 


ovo 


004 


098 


102 


107 


111 


115 










II-.' 


123 


127 


131 


1 35 


140 


111 


IIS 


152 


ISO 








tuti 


160 


164 




173 


177 


Isl 


i- . 


1 89 




107 








|l IS 


202 


21 16 


210 


214 


2 ! > 


222 


226 


230 


235 


230 










24 1 


247 


251 


255 




263 


268 


272 


271. 


280 








1054 


284 


288 


292 


•J '.'6 


3i (1 




309 


313 


317 


321 








Itififl 




329 


333 


33S 


842 


346 


150 


354 


: 103 








tuM 




371 


376 


370 




SKI 




306 


in;; 










407 


412 


410 


420 


42 1 


428 


i 12 


436 


Mi. Ill 








1058 


440 


i ,; 


467 


401 


4S6 


KM 


47.; 


477 


181 489 








I06S 


400 


Ml 


1M 


60S 


61 16 


610 


514 


ftlN 


528 








1060 


Ml 139 


539 


643 


547 


551 


ftftft 


fttt* 


567 








1061 


57: 576 


580 


584 


:,■>- 


592 


596 


ftoo 


6i >A 










1003 


612 '".17 


6a 




i'Oj 






641 




640 








1003 


OS ; 657 


66 1 




670 


674 


678 


682 


686 










ION 


m 


608 


702 


TOO 


7M 


715 


719 


723 


727 


731 








IOU 


vac 


739 


743 


747 


751 


~ 55 


: ■ 


763 


76€ 


772 








1066 


TO 


7S0 


7S4 


788 


792 


796 




804 


-t,- 


812 4 






1067 


sir, 


821 


825 


820 




■ n 


m 


845 


849 


853 4 






1068 


867 


soi 




869 




77 


882 






K94 4 






J 069 






906 


910 


914 


918 


929 


'.'2'. 




034 4 






1070 




948 


946 


961 


■ ">" 


059 


963 


067 


071 


H7:1 4 






1071 


070 




987 


901 


005 


..03 


M>7 


i 11 


..If. 4 






low 




l IS 1 


028 


032 




040 o44 


048 


< 152 








107 J 




061 


M8 


072 


(176 


IIS0 


064 


OSS 


002 


■ 






107-1 


100 


Pa 


loo 


113 


117 


121 


1 85 


120 


133 


137 1 






1075 


in 


146 


U9 


163 


167 


(61 


166 


169 


173 


177 1 






1076 


181 


l-'. 


189 


103 


I '.'7 


201 


205 


209 


214 


218 








lo77 


8S9 


326 


230 




23S 


212 


246 


250 


25 1 


256 








1078 


909 


266 


870 


271 


27s 


2-2 


286 


200 


304 










1079 


Hi B 


306 


310 


314 


318 


322 


926 


330 




338 








1080 


849 


846 


350 




3.^8 








875 










1081 




. 'i 


395 


390 




407 


411 


US 


419 








1083 


423 


427 


431 


435 


43V 


441 


147 


451 




409 








I0S3 


40: 


461 


471 


47.S 


470 


183 


4S7 


I'M 


496 


490 








1084 


503 


501 


511 


510 


519 


523 


527 


531 


535 










[089 


548 


647 


551 






563 




671 


578 


070 








1086 


683 


587 


591 


59ft 




603 607 


611 


1 15 










1087 




821 


031 


635 




647 


651 




559 








LOSS 


663 




571 


575 


679 


687 


691 












1089 


. 


707 

1 


711 

3 


na 

3 


719 

4 


728 727 

s 1 a 


731 

7 


735 

8 


730 
8 


D. 






I. 









88 































II. NATURAL SINES. 






D.J. 


(T 


10 


20" 30* 40' 


BIT 




D p 









JUDIKJ 


00291 


uu;.--j IXft 


01454 








1 


0174 - 


02036 


02327 U!ifll« I 




03490 


88 






J 


034 1 1 


03781 


04071 04302 04653 


04943 




81 






3 


05334 


05534 


058 II 


06105 




06976 


86 






4 


06OT6 


07266 


07551 


07846 OS13G 


08426 


us: 16 


85 






5 


08710 


09005 


99296 


00585 09874 


10164 


10453 


84 






6 


10453 10742 


M03I 


11320 


l]f>o«i 


1 IS9H 


12187 


83 






7 


12187 12476 


12764 


13063 


13341 


1 1629 


13917 


82 






8 


1 (917 1420.1 


14403 


14781 


1 iO09 


i . ; ..; 




M 






9 




I vi.; 1 


16218 


L850S 


16792 


17076 




80 






Hi 


17353 


ITC.il 


17931 


1 KKM 


ItfiOB 


18795 


19081 


79 






II 


I90HI 


[9356 


19652 


I9V37 


2" 1222 


20507 


•JUT M] 


78 






12 


3)791 


-IILf. 


■'I.:i.m 


21644 


21928 


'.'■J '_' 1 2 




77 






1 1 


2 : 1 I ■ 


2277S 


23062 


23345 


•_' !627 


23910 


24193 


76 






14 


21192 


24474 


24756 




25320 


25601 


25882 


75 






15 


25882 


25163 


26443 


26724 


27004 


27284 




74 






16 


27154 


27843 


2SI23 


28402 


28681 1 


28958 


29237 


IX 






17 


2*137 


295(5 




30071 


3034H 


30526 


30902 


72 






IS 


30902 


31178 


31454 


3173(1 


3-2O00 


32282 


32557 


71 






19 


33557 


32832 


13106 


33381 




33929 


34203 


70 






20 


34202 


.1447'. 


:'.474S 


35021 


35293 


35505 


35837 


69 






21 


3.W37 


3610* 


35379 




36921 


87191 


37463 








22 


37451 


37730 


57999 




3XTi37 


18805 




07 






23 


1 K)73 


39341 






40141 


10408 




66 






21 


10574 


10939 


41204 


11469 


41734 


41996 


12262 


65 






29 


12252 


12535 


13788 


43051 


13313 


1 1578 




64 






26 


13837 


14098 




44620 


44880 


45140 


15399 


53 






27 


15399 


1565H 


45917 


|i 175 45403 


46690 


16947 


62 






28 


16947 


17204 


47450 


47716 47971 


4 *22fi 


48481 


61 






29 


18481 


i-.;;-. 




19242 10496 


19748 


50000 








10 




50252 


50603 


50754 51004 


51254 










;tl 


51504 


MT.v; 


52002 


52250 52498 


62746 


52992 








32 


52992 


".:i _•.;< 


53484 


53730 53975 


54220 


54 164 








33 


54464 


woa 


54951 


55194 55436 


55678 




.7.; 






;;l 


V.M | 


Wlfl i 


56401 


56641 


57119 




55 






35 


57358 .759 




58070 68307 


58543 


58779 








35 


58779 V"N 


v.i-jis 


59482 59710 


59949 




53 






37 


60182 5U4I4 


50646 


60876 filloT 


61 137 




52 






3* 


6(565 


621 »- 1 


62261 


G2479 


62706 


62932 


51 






ifl 


63932 m •-■ 




■ 




64056 


54279 


60 






i» 


64270 54601 


54788 


64946 




, i ; 16 


65606 


-i" 






ii 


ii »i\:»i 56823 


56044 


66262 


66480 


S Ml 


669) . 


48 






(2 


660(3 57129 


67344 


67559 


87773 


57987 


6S200 


47 






43 


liVjIHl IWII'J 


l>S6'24 


B883S 


B904fi 


. i - >6 


69466 


46 






U 


60 KM 


59575 


69883 

4Q 1 


70091 


70298 

20' 


7 1505 


7071 I 


45 




D*. 




ca 


30* 


Iff 


D*. 






NATCBAL « I'siM.s. 24 











II 


NATURAL 


SINKS. 








D.* 


0* 


w 


ac ao 


40 


■* 




44 




45 


7071 J 




71131 7133S 


71529 




■ 




4(3 


■ 


72IM 






7-1787 


72937 




43 




47 








73728 


: E924 


74lli» 








4S 




74509 


74703 


74896 


75088 


75280 


77.47] 


41 




49 


75471 




75851 


76041 76229 


7041 7 


766CM 


4o 




50 


76604 


;<;7«»i 


76977 


T7MB 77347 


77;>.Ji 


777 i:. 


89 




51 


77717. 


77 -.-7 


78 179 


78261 


78442 






31 




y± 


7fWUl 


7 •".■-■<' 


7916ft 




79512 






37 




58 






80212 


K038fi 80558 




80902 






:.4 


80902 


BI072 


81242 


81412 


31580 


-174- 


81915 


35 




">> 


B1816 




BSSM8 


824)8 


38577 


32741 




34 




56 


82904 




48228 


■ 








89 




17 


: 


H 4' Ci 


H41H2 


1495 


B4650 


K4805 


32 




(8 


S4su.-, 


84959 


85112 


85264 


R5416 


J5567 


85717 


31 




69 


85717 




SG0J5 






86457 86603 






■ 




16746 






-7!7s 


8T821 


B746S 


sts 




61 


B7462 


B7603 


87748 


• 




-M'.- 


■ 


2S 




-J 




88431 


KS566 


-7 1 




- 


89101 


ft 




S3 


40101 




80363 






R0752 




L'<" 




94 


-.'-;■.- 




00133 


90259 




00507 


90681 


Bfl 




H 




90743 




90996 


91116 




9]3M 


24 




66 




91472 


91J90 


91708 








28 




SI 




92164 








9261 ".' 




00 




ftg 


93718 


92KS7 




93042 


m w 


. 




21 




69 


'.toil -is 






93667 


■ 




93960 


20 




TO 






94167 


94264 


94301 






iy 




71 




94646 


94740 


9 1 H 12 


94921 


95015 




1* 




72 


95106 


95193 


05284 










17 




7'. 






■ 




95964 


96046 


96126 


16 




74 


96126 


96306 


1)6285 




96440 




96593 


15 




7*. 




96667 


96742 










14 




ra 




97100 


97160 


97237 


07314 


' 


97437 


13 




77 




97502 








97754 


97818 


12 




7< 


97*18 


-7-77. 


97034 






98107 


98163 


II 




7'J 




98214 


9K272 




98878 




9848] 


Hi 




BO 


98481 


9S531 


98580 




98676 






9 




si 


98769 


08814 


9ftK68 








99027 


8 




'j 


99027 




90106 


99144 


99182 


99219 




7 




88 




I 


■n:;jj 






99421 




6 




*4 


'J.'l-VJ 




99611 


99640 








5 




IB 


9%19 


99644 






907 1 1 






4 




85 




99776 


'.f.iyys 


998] 1 


/ >- :| 




■ 


a 




^7 






99892 


99905 


■''.'■i] 7 






2 




as 








79 




T 




BO 


msfi 






W 


1 (J 

O 







50* 


40 


90 


20 





N \TI |:\l. 1MSIM.S, 







ni.-NATITRAL TANGENTS 










** 


c 


IV 


20* 


» 


4C 


flO' 


01746 


D«. 







ooooo 


ooayi 1 uussa 


00873 


01154 


U1455 




1 




U232t 






03201 


03492 








o 


03492 


04075 


04366 




04949 


06241 


87 






3 


05241 


U5633 | 05824 


06116 




06700 


06993 


86 






4 




07285 


07578 


07870 




08456 


08749 


» 






5 


08749 


00042 


09385 


00629 


00923 


10216 


10510 


■1 






6 


10610 


10805 


11099 


11304 


|]68* 


11983 




S3 






7 


12278 


12574 


12869 


13165 


13461 


13758 


L405J 


92 






8 


14064 


14351 


14644 


14945 


16243 


15540 


15838 


81 









1583S 


16187 


16435 


16734 


17033 


17333 


17633 


so 






10 


17633 




18333 


18534 


18835 


19136 


1 9438 


79 






11 


10438 


19740 20042 


30345 


2064)1 


20052 


21256 


78 






IS 


21356 


2156(1 21864 32160 


22476 


22781 


230H7 


77 






13 


230S7 


2 I3U3 23700 


24O0N 




24624 


24983 


78 






U 


24933 


25242 25552 




26173 


264S3 










LS 




37107 


2741 ' 


27732 


28046 






74 






16 


38675 


_' W9U 


29305 


29621 


299 ■ 


30255 


30573 


1 1 






17 




30891 


31210 


31530 




32171 


32492 


■ 






IS 




32814 


33136 


33460 


33783 


■ lln- 


34433 


71 






19 


■ 1 


34758 


35085 


35412 


35740 






ro 






20 


8639] 


30727 


37057 


37388 


37720 




38386 


69 






•21 


38386 


38721 


39055 


30.191 


39727 


40065 


-\> Ml 13 


68 






22 


40403 


40741 


41081 


41421 


41763 


12105 


424 17 


67 






23 


43447 


12791 


43136 


43481 


43828 


W176 


ii..-'. 


M 






24 


44523 


44872 


45223 


46573 


45924 


mn 


46631 


63 






25 






47341 


CT69A 


48056 


4X414 


1-7:;; 


64 






26 


48773 


40134 49493 


19858 


50222 


50587 


50053 








27 


50963 


51319 51688 


52057 


52427 


52793 


) ■ 1 1 1 


62 






aa 


53 1 7 1 


53345 38920 


54296 


54673 


551 51 


65431 


01 






29 


55431 


55812 56194 


56577 


56963 


67346 


r.77.;:) 


50 






30 


57735 


68124 r^513 




59297 


59691 


60086 








31 


6OOH0 


<■■ 4H ■; 00881 




61681 




02487 








32 


62487 




03299 


53707 


641 17 


>\:r~ 


64941 


W 






33 


64941 




65771 




5660H 


6702? 


67461 


56 






M 


67451 


67875 


68301 


68728 


69 U !i7 




70001 


55 






16 


70031 


7ii-155 70891 


71389 


71769 


72211 


72654 


5* 










731WJ 


73906 


:im; 


■ 


75355 








87 




75812 


7(1272 


7G733 




77661 


78129 


52 






38 




7859H 


79070 




80020 


H049H 


R097H 


-l 






39 


B097H 


-Ni'l 


81946 3M84 


82923 




83910 


50 






M 


B89I0 


B4407 


84006 85408 


B6912 


R6419 


R6029 








M 




-Till 




38473 






'.HHI tO 


48 






42 


90040 


90569 


91099 




92170 




93252 


17 






13 


93252 


93797 


04345 


94896 


>•:,;;•. 






46 






44 




97133 
W 


97700 


9827 l 


ay 


iff 


1,00000 


45 






iff 


3<r 


0* 


D. ff . 








NATFRAK rOTANOEJCTS 


20 













































OL— NATURAL TANGENTS. 






*» 


0' 


10' 


w 


30' 40' 


50' 


fc* 






46 


1.00000 


• 


l.nilTO 


1.0176 


■_ I 03553 44 






46 




. 


[.04766 


1.05378 L059M 


1.06613 








47 




1.07864 




1.091 .1 


1 .U9770 


1.10414 


1.1106 






48 


1.11061 


l.i 1713 


I 1336V 


1.13029 


1.18694 


1 14363 


IJ503i 


4! 






49 


i.i 1081 


1 1671 i 


IJ6398 


1.17085 


1.17777 


1.18474 


1 19175 


40 






50 


1.19175 




1 20693 


1 21310 


L .02031 






39 






51 




1 2 !_■ i 




L25717 


! 26471 






38 






52 


1 .279*4 


1 2*764 






1 31110 


L31904 


1.32704 


37 






53 




1 


■ 


l t5l 12 




i 36800 




36 






54 


1.37*86 






1.40196 


1 41061 


1.41934 


L42MS 


35 






:.:. 


I 42S i S 






I 15501 




1.47330 




;..| 






56 1 .48256 










1.5.1(110 1 


.t;s 






:>7 i 


1 


1 S <"'■'' l 


1.67981 


1.59002 l ■ 


32 






as 1 1 


I 61074 


1.62125 1.1 


i 64256 


1 653 


31 






59 I 66428 




1 68643 1 




1 72047 l i 


30 






rto 1.73205 


l 74876 


I 75566 


I 76749 


i 77956 


1.79174 i ■ 


29 






rtl t.H04UD 


I AH 11 


. 


[£4177 


1.86462 


1.86760 I.HH073 








'":" 1 .SH073 




1 .9U741 


l 9209E 




l.948fi 


27 






03 


1 .9620 1 






2.oO0e»J 


2.02039 




26 






64 




2.0666! 






2.11233 


2.12832 2.14451 


25 








2.14451 




£17749 


£.19480 


1121132 


3.22867113 


24 






Ofi 2.246M 




■12KI67 I" . 


2.31826 2.3 


28 






G7 ■J.Md.V-". 




2.39449 2.41421 


2.43422 2.45451 


•>■> 






■■- -j 1. '■>'.' ..' 4'J.V.'7 


L' »17l'» '.' ' 


2.66046 2.58261 2.«06(rt 


21 






69 160509 


2.62791 


09 5.67 162 


72281 2.7474* 


20 






70 £74748 


2.T7264 


2.79809 9 B23V1 


7700 2.90421 


K9 






71 


2.90421 


2.93189 




3.01788 


i :;» 


Ifl 






72 


3.077* 


: 10842 


3.13972 a ITlfi'J 


3.20406 


. . i .; 271 W 


17 






73 


.'..•J7US.S 'IMo.VJl 


75" 1 


8.41286 


8 44951 


3 4874 1 


16 






74 


1 18741 




. .: 3.6058* 


3.64706 


8.68909 




15 






75 


3.73209 


3.77596 


663 


:: B6671 


3.91364 9 


1.0107S 


14 






7'". 


1,01078 




i 11266 


-I 16530 


.171 




13 






77 


1.33148 




1.44949 


4.51071 


1 7i w; 


12 






78 


4.70463 




■ 


4.01516 


I 9HU40 5 06584 5.1445/i 


11 






79 


5.144fifl 




.*.. [0928 




.1 5.57638 


sjBim 


10 






so 


6.67138 


'. 71 93 a 


5.87080 




II 






9 






*l 


6.3137*. r. 


69116 


fi K26W 












KJ 


7.11537 7: 


7.4287] 7.59576 


7 77036 


. 




7 






nil 


S. 14436 8.34496 




p mi'!- 




6 






M 


9.51436 ». ;--r 


ia0780 l" 


ia7119 11.0594 


I u;-n 1 


5 








11.4301 M 


12.2505 12.7062 


1-UM'J 






4 






36 


14.8007 1 1 


1 5 a 1 1 ■ 


17 1693 




!", s|| 


3 






W 




20.2056 


*. M in 22 903H 


24.5418 


21 .4316 




2 






88 




31 24)0 


rn .-> isss 




19. mag 57.2W0 


1 






H9 


■" 


68.7601 

BO* 


198 


114.580 




34! ;; i 


« 









40" 


3CT 


TO 


iff 


a 




27 NATUEAI, COTANOFNTa 





TAiti.rc iv— loi; uuTHMir 



m. a i»i" Tmi«. ur 



03 

84 104 
10274 

24 1 so 

3<was 



us 

391 

163 

i ;•_' 
112 

96.1 




80095 ™I 

03082 



-I'.'.'.' 



6A7H4 I", 



fii*4ir 

71 WO' 



43.9 

11.1 



a&3 

33.7 
82.9 
30.8 

98.4 
'. 

».3 
I ■. I 
34 ■ 
83.7 
88.6 
22.:: 



7.78594 

-,,. i 

H2515 

Mil 509 

040*4 

W2X3 .,, 
8.00771 ' , . 

i 

04 198 

06578 
8,07699 

1071 1 

11*93 
18647 

[359 

I t i 4 
1638 

loose 

8.I7IM 

I87M !:;■ 
1061 o 

-hi i, 

31180 

alow 

131 1 I 



10.8 
10.3 

18.(1 
18.3 

17.9 
17.4 
17.0 

18.3 
15.0 
lfi,| 
15.1 

1 4.0 

14.4 

14.3 

14.1) 



13.) 

ia.1 

18,0 
19.8 

iti.fi 



'*< "* 19 * 






i ,. lifts. 



IS J 



i 30 

6.463T9 

; 7«4;« 

94«b5 

7.0657V 

16278 

24188 

1 36*82 
4JT81 
16*78 

7.50512 

54?ei 

57767 

03982 
6*7K5 
59418 
71000 
74248 
76476 
7.78SH5 
80*16 
8254ft 

■ 
H61A7 
9 -:i 
B 1)1 Q 

OlOMI 

93013 
MOM 

»«NJrV 
0M331 

00922 

83004 

03104 

0548] 

06581 

S.07ii..;j 

00739 
1 0730 

utn 

12661 
i . i8 
14501 

l ..;■.. 

8471X8 
17078 
18804 
106 ' 
00418 

snob 

Itl'i.:.; 

saric 

8 i ■: 
2»192 



nr (Vii.iic 



502 
183 

1*2 

I S3 

112 

'J ''..7 
05 J 

itll.U 
63 -0 
57.0 

10.0 

46.7 

4.i. y 

41.4 

30. 1 

37.1 

33.7 

B2.9 

80 J 
20.fi 

28.4 
87 J 

25 4 
24. S 
M.7 
28.0 
■ 

81 .B 
21.0 
80.4 
108 

hi. 3 
I8.fi 
i~ a 

17.8 
17,4 
ir 
18.0 
18.3 
15.0 
15.(1 
i i 8 

14.0 

II I 

14.3 

14.1 
■ 

1*. .:'. 
i ::..: 
IS.O 
12,8 
13 i 
124 
13,8 



r>r 



it 






i« 



8.241** 

84008 
15000 
88804 

27**1 

2*977 
80031 
30858 
3087 V 
B.9140S 
83102 
33702 
33292 

sosrt 

34450 

36018 

80131 

38078 

8.37217 i 
37750 
88376 

3870fi _■".' 

Ml 
6.31 



12.0 
11.9 
11.6 
11.4 
11.2 
11 (i 
10.9 

ML 7 
10 i. 
ID 4 
10.3 
10.1 
B.08 
9.08 

0.71 

0.H 

tr.-iti 

0.84 
89 

w. to 
8.98 
-.-■ 
B. I 



3 MM) 

80818 
4O320 
40616 ' ' 
41357 
41709 
H.-I2272 



- - 

I I 

7.91 



4274*^ 
4821* : . " 
43086 '-■'. 
44159 Mj 

46044 ■;': 

15030 :■;;■ 

7-20 
M9 
7.68 

6.92 

' 

fl.70 

6,73 

0.07 

Ml 

I 

Ml 

8. 4:1 

6.37 
8.32 
0,31 
B.J1 
8.16 
0.1 1 
A.Q6 



!>;• 



24010 

278*0 

90098 

8038 I 

sons 

89119 

821 M 

83080 

14 101 

35600 

86148 

3**80 
8.37220 

3h2H0 

■ 
• 
48600 
41321 
4180V 
B.42387 
42762 
43232 
430M 
44106 
44*11 

1500V 

B.4I 817 
47245 

40009 

48017 

40325 
4V72tf 

50*87 

B.5001O 

81310 

51808 
93070 

&3208 
53578 
83945- 



1 



or 

13.6 
ll.fl 
II. « 

11.4 
11.2 
ll.fl 
II .3 
10.1 

10.4 
10.3 

10.1 

9.00 

9.59 

9.47 

0.1 1 

9.00 

H 7H 
8.071 
8.67 1 
8.47 
s.:i; 

KM. 

8.00 

7.01 
7*3 

7,06 

r.j.n 

;.*> 

7.1' I 

7.07 
7 .mi 

6.03 
6.67 
4.80 
6.74 

1;....- 
I 89 

r...v. 

0.44 

BJ8 

0.27 
6.22 
I 17 
a. 11 
6.08 



nr 



w 



2 



M 
58 

.'.7 
.).. 

04 
5| 
51 

51 

10 

08 

17 

M 
40 
04 

B 
81 

-11 
iu 
N 
88 
89 

84 

... 

;(2 

H 
89 

88 
- 7 
H 
':■:■ 
84 
S3 
88 
31 
90 
l '.1 

IV. 

17 

10 
|6 
U 
13 
13 
11 
i« 


8 
7 
" 
B 

4 
B 

3 

1 




*&• 






SINKS AMi TANGENTS. 



M 



I | l»l" 



■ i 

4 
.:. 
ii 

7 
8 
I 
|fl 
It 
U 
U 
n 

u 

h. 

IT 

1H 
H 

M 

'J! 

n 

H 
K 

■ 

27 

n 

311 
.11 

;t i 

:'.:, 
H 
S3 
08 

Ml) 
4d 
II 

M 
M 

H 

w 

lu 
H 
•I 

a 

. 

M 

■■■■ 

n 
H 
Bfl 

M 



...... . t 

..mm' 

■ ;»• 1 
574311 
:>,-:■; 

60410 

60971 
(Ml ■ 

ig? . i 

90173 

SI .-■.■ 

■ 

fliiso 

02497 

' 

04*37 
6*111 

<i507o. 
I I i " : 

03104 

68821 

OHdsi 

mil ii 

89997 
701 ■•■ 

70491 

rmi 

:\ m 



u9\ 

:..>i 

S.77 

."■.;: 

5.54 
5.50 
5.4fl 

. 
J.34 

.. 10 
>.26 
5,33 

i i i 
,n 
5.03 
5.04 
5.U1 
L97 
i. "i 

i -• 
LK4 

LSI 
LTfl 

i.; i 
LOG 

4.45 

l.i.'J 

L i 

Ml 

L4fi 

1. 1 

l. in 
i i 
I.SU 

1.24 

l.'J 
LIS 
LI J 
4.14 
4.IS 
4. l it 

Lfl i 
1,8 



h." 



B «*1 

■ 

5042 i 

. n 1 1 

. 

rras 

04 
AKI ; I 

50428 

50740 

■ 

II 

61091 

BUM 

I ','•: 

BUM 

63418 

03710 

i,4ii i« 

iustd 

I .1 .1 

mwi 

«. -,i . 

8.0798 

■ 
• 
UMI54 
8841? 

B0IV4 

70406 
70714 

men 
7 mm 

:i*o: 

7194(1 



j -.. 



II 

s. N. :i7. 



■ 

H 
01 
H 

:.-. 

N 
50 
69 

61 

M 
1- 

41 

4^- 
| . 

■II 

i ; 
II 

41 
40 

.:■.. 

17 
10 

u 

n 

■ 

H 

H 

H 
It 

-■i 
•j.'. 

II 

to 

10 

IK 

17 
U 
|| 

14 

n 
n: 

ii 
in 
o 
8 

7 
I 
5 
4 

:t 
I 

l 
o 



si.... DC V 



7 2.107 

riftH 

74880 

■ 

7*353 
7*575 

74015 

70451 

770U7 

;;..in 

r7*fl 

770-1.1 



U.01 

'.-I 

\m 

13.60 

:; :n 

■ 

|,«1 
3 

mi |i? 

7 - .< - 

7-071 




7*oov 






la.no 



7474S 
74074 

rsiw 

7 ,fJ.. 

7 m 

77811 
78441 

79073 
BO07I 

1.0061 1 

M2<14 
B140I 

81«3 
BI84I 

• 

828 H 

82961 
83174 

■ 
30703 

84100 

84282 
814*4 



.1 I 
;:.'.: 

».** 

:: |fl 
MA 

1 1 

ii. 

. . .: 

3.22 
.. |0 
3.10 
8,10 
10 
. 

.14 
3.12 
3.1 
3.10 

3.08 



H 




TADI.E IV.— l.oiJAHITIIMH: 



v. 





1 

I 

3 

4 

5 

8 

7 

6 

I 

M 

II 

|| 

u 

II 
I. 

I'! 
17 

in 

i ■> 

20 
I l 

:j 
a:i 
14 

2> 

2<\ 

27 

H 

ii 
U 
U 

u 

H 

s; 
ftfl 
N 
10 

u 
u 

II 
1 . 
44 
47 
18 
If 
>U 
• i 
Ml 
H 
M 
M 
06 
H 
68 
N 
BO 






M 



. : ,.i-. 



0.14368 
I . Mfl 
[4636 
I L624 
I4TM 

llMfl 

[41)80 
I5im» 
15157 
I BS46 
u.isass 

16608 

LM6I 

15770 
I6H57 

L80K 

[All* 

y.iflsoa 
[6389 
L6374 
[MAO 

irtMft 
L4691 

inMH 
[11680 
. 
■ 
[7138 
17383 
17307 
[7301 
174T4 
L76M 

171141 

17807 
0.17800 

I7M73 

LaoftO 

i i / 

I 

i- 01 

1*488 
18841 
i 
U.I 1700 
18700 
18871 
' 
|0I : 
I VI 1-1 

10378 

[64 



i. .'I 
I Mi 
I.i'.' 

1.40 

1,48 

I.H 
1 .48 
I.4H 

1.47 

i.i: 

1.47 
I .If. 

I . u 

I. Hi 

1.1 . 

I .45 
1.1.'. 
I .43 
I. It 
I. II 
I. II 
l.4:i 
l.4:» 
1.43 
l . |3 
[.42 
1.42 
1.42 
1 .41 
1. 11 
I. II 
I Hi 
1.40 
1.10 
1. m 
1 .30 
1 .38 
1 D 
1.39 
1 ..is 
[.88 
l-:« 
1.37 
1.37 
1 87 
1.87 
l.Jrt 
1.38 
1.38 
I.e. 
1 ,38 
1 ■:- 
I ,36 

1 u 

1.34 
1 14 
I ;:i 
I 34 
1 ,33 



HI*. HI 



|J L780 

11-. 
11 189 
i.i.i 
1 .1 1.. 
15230 
I 427 

1.117 

1 | (01 

I 

l ,.;-«. 
M37TI 

1 ;o a 
[80441 

18401 
1 (480 
18*77 

> i HJ8& 

1 ■■:..., 
1 1841 
1 1038 
17018 
17103 

■ 
17380 
17460 
0.178 Ml 
[7833 
17708 
17781 
17880 
[7 1 ... 
l-.i .1 
ISI 10 
i-.::i 

L 8478 

[8738 

1 3870 

'I.I I'-'-' 

I I 

19:1 18 
1 'i ■ 
10661 

19735 
10801 
|Ot 10 

1 



IT M 



1 I 

' I 
1.52 
[.51 

1 &] 
1.51 

1 .50 
1 10 
l.5« 

i.:>u 

1 .411 
1 40 
1.40 
1.4S 
L4H 

1,48 

L4H 

1.47 

i.i; 

1.17 
l.lfi 
1.48 

1. m 

I 18 
1.45 

[AS 

1 1 

1.41 
1.41 
1.44 
1.44 
|.4fl 
1.43 
143 
1,43 
1.42 
1.42 
1 12 
1.43 
Ml 
1.11 
I 41 
1.40 

1 Hi 
1.40 
I.HI 

1 . 10 

1 no 

I 30 

l 30 
1 LB 
1.3m 
1 ,38 
I :ih 
1.87 
i ■: 
1.87 
1-37 
1 8 

i.i- 



H 

..'j 
.8 
-: 
16 

H 

I 
63 

51 

,11 

18 

18 

17 
48 

46 

11 

i:t 

43 

tl 
Ifl 
SO 

17 

.:.. 
Jfl 
.14 

•■..' 
II 

so 
'-"J 
18 
I! 

to 

1 1 

21 
I 

■ 

II 

2» 

iu 

ia 

17 
|8 

:- 
14 

11 

i" 

I 

8 

7 

8 

5 
4 
I 

I 

I 

v. 



M. 

II 
1 
2 
3 
•1 
6 
■'■ 
7 
I 

in 
II 
II 
13 
14 
Ifi 
18 

'7 

18 

[| 

n 

21 

.'. 

H 

24 

u 
u 

31 
38 
10 

80 

:il 

;j2 

:;i 

30 
37 

;i* 
SO 
M 

41 

43 

1 

:. 
U 
48 

17 

48 

4'.l 

'HI 

SI 
S3 

..;. 
■i 
88 

. ( . 

-7 

10 

'I 



Bloc. I'l" i 1 



19918 

' 

SOI ! i 
304 w 

n 1 01 

2 «'M. -1 
10933 
30000 

W.2I07H! 

m&a 

11390 

21806 
21382 
31 188 
J 1 634 

jji u, 

■ 

o.nesfl 

21013 

210871 

■ 
3213! 
32211 
23288 
12881 
22435 

22057 
32731 

32878 

22V52 

W 171 

1 son 
3340s 

- 

2.V.07 

31678 

I! 769 



1.32 

1.31 

1.31 

. II 
i.:<l 
1 .80 

I .30 
[.MO 
1 .20 



1 .20 
1.28 
1 .28 

1 .28 
[JB 
.27 
1.27 
1.27 
1.27 
1.27 
1.28 
i 28 

1.28 
1.23 

1.26 
1.25 

1.251 

1.24 
i 24 
1 .21 1 

1.24 
1 .24 1 
1.23 j 
1 .2.1 
I 2:! 
1 .2 : 
L.33 

!.2J 
I .22 

1.22 
1.22 

1.21 

1 .21 
1.21 
1.21 
1.20 

I JO 

1.90 

1.20 
1.20 



20201 

2H >'.< 
21" .'I 

80701 
2DTH3 

.21 1863 
20043 
21 623 

21 tie: 
ZIIHS 
2121.1 
21 141 

31421 

2M»1 

215T1 

.-:\u.,; 

21814 
21 SOI 
2I»71 

22(14 '.' 
22127 
22211 

32 ■• ■ 

22; 11 

. 

■ 

23 MO 
.23201 

2:U.i:. 

. 

2V.fi I 
23731 

238R7 

2 18 

2403i 

24 11 3 

211x1; 

14901 

24888 

24410 

24484 

34633 



1 . 



HI- 

1.38 

1 

1 .... 

1. 1 
1 34 
1.34 

. 

1.38 

1.2 
I, 2 

[.S3 
US 
ll 
1.31 
IJU 
1.31 

1.30 

1.30 

I Ml 

1 so 

1.30 
1. 30 
1.2V 
1.30 
1 38 
1.38 

. 
1.38 

. 

1.27 

1 37 

r.27 

I 27 

1.28 

1 21 

1 .< 

I 

1.38 

1.25 
I 
1.34 
1.34 
i 34 
1 ! 1 
l 33 
1.23 



M, 









*i 



81 



SI \ l> AKt» TANi.l.N fS. 




UP 



TABLB IV. — l.OCARrTIIMI^ 



I»° 



si.... i. i ,.. i»r « 



I 
I 

3 
4 

6 
A 

7 
8 
u 

Hi 

II 
U 
U 

H 

i ■ 
in 

i; 
ifi 
pi 
u 
SI 

M 

86 
IB 

n 

n 
so 
u 

:;i 
:;j 

U 

88 

aa 

17 

ia 

4J 

4:< 

II 
15 
48 

I* 

4'.' 
.Mi 
51 

u 

68 

m 
6fl 
M 

:.; 
08 
69 

..it 



" 



I. 



11847 
11901 
31 9M 

12084 

(20 IS 
12870 

12844 
1291 .' 

. 

■ 
■ 

■ 

IS7Q4 

33701 

■ .-: i 

ssni 

. 

34Q4S 

MltM 
,341ft* 
84319 
:i.'.- 
.11.; j i 
849M 

84491 
14641 
34602 
84468 

I 

um 

34834 

81981 

35(199 
35 i.i 



82933 

88181 

33548 
83899 

assro 

33763 

.'. i 

'■:;» m . 

84095 

.ii . 

848711 

.11 199 
84460 
84618 

>.:i40i: 

848N 

■ 
..I- 14 
34AT4 

84 193 

150 ,[ 

SMT8 
88888 

8844H 

35404 

35581 
88898 

9.35816 

sseri 

88981 

■ 

88049 

.in i)., 

30221 
30270 

1 "i ■ 



1.03 

Loa 

1.03 

1.03 

1 n.. 

I V. 

I 09 
I 13 
1,43 

1.01 
1,03 

1.02 

1.(12 
I. "I 
Ml 
l.ol 
l.ol 
I. HI 

1. 1 

1.01 



LOO 
LOO 
i. on 

1.01) 

i |o 
l.on 
I. oo 
,99 
.00 
.09 
.00 
.00 
-00 
.99 
.90 
.OS 
.'Is 

.f 

.9« 
.08 
.OH 
.08 
,98 

.OH 
.97 
.97 
.07 
.'.IT 
.97 
.07 
.97 
,87 
.98 
.98 
.9ft 

HI" 



■ ■' 

U 

87 
M 
18 

M 

53 
52 

51 

ii 

M 

48 

i: 
K. 
43 
41 

13 
II 

i 
i » 

:■,. 
.is 

n 

<i 
IS 

.'.; 
21 

n 

88 

27 
24 

H 

24 
89 
I J 
21 
80 
19 
13 

ir 
11 

18 

it 
18 
12 
II 
in 
D 
B 
7 

ft 
4 

:i 
■J 
1 
8 



M 



r- Ii lil- M 



: .' 

35590 

88888 
35752 
9.88088 
85D80 
• 
88988 
88091 
18078 
88188 
88168 

9.38342 

■ 
■ 

■ 
88808 

3(180(1 

36780 

3BH1U 

9.30871 

30024 

37026 
37081 
87183 

sn«fi 

:ir::'7 
87280 
37341 
3.37303 
37445 
37497 
8TA48 

srooo 

378.02 
37858 

II. ti'HI'J 

87980 
88011 
18843 
88118 

■ 

3H2I5 



.»] 

.'.'I 
..'I 
.'.i! 

.91 
,80 

.90 

.90 

.',iD 
.80 

.'.id 
.90 
£9 

.89 

.K'.l 

.89 
.89 
.80 
,RH 

68 

£8 
«8 
«7 
•81 

■-7 
■87 
•87 
•87 
•87 
-87 
•M7 
,86 
8 
£0 
88 
.80 
.80 

.M. 

,80 
.86 
.85 

,88 

.K'. 
.85 
.«. 
80 
.85 
.85 

hi' 



■ 
30500 

38738 
36705 

B.84908 

87980 

■ 
87183 

.■-■"' 

17419 

8TS99 

■ 
87798 
877M 
37813 

9.38091 
88141 
88883 

. 

■ 
S84S3 
884T9 

33534 
88589 

■ 

SOtM 

. i | . ; 
31)407 

398TT 



.94 

,86 

.90 
.90 
,05 

.911 

■' ■ 
,00 
M 
94 
.94 

' i 
'. i 
• VI 

I i 

■ 
.03 

.93 
.1 I 

.93 

.99 

93 

,91 

.91 

.VI 

.91 
.91 

.01 
.01 
,91 

."i 

.VI 

.'.(I 
.90 

91 
,90 

,91 

i- 



Bfl 

M 

M 
M 
66 
64 
88 
89 
I] 
N 

4'.' 

is 
47 

14 
Ii 

-n 

4.1 

u 

It 
■III 
II 
-is 

■ 
81 
14 
83 
83 

88 

87 
80 
15 

.'i 

:-' 

.'i 

_'" 

i-i 

i 

\: 

1 1. 

18 

H 
It 

12 

II 

I" 


B 

7 
« 
5 

4 
I 

I 

I 





H 



:.. 



HI 



TA11LK IV— I.OCAIMTIIMIC 






/* 



10" I Ti.i.i' j 



I'l 



44,210 

i-r.'..:; 
44297 

4 447'i 
■j US 18 

14602 
[4440 

44 770 
L46I0 

usas 

9.44946 
-I 1992 

■ 
i ■' ;: 

i ilftS 

14949 

45292 

■ 

■ 
49M1 

B • ->'i 

: - ■ 

45909 
14011 

4' 178 

44244 

loiao 

IMOB 

I'M | 
49394 



■ 



» ;:' 

.73 
.7.1 
.73 
.73 
,7:i 
.73 
.7.*l 
.7.1 
.78 
.79 

.7 

.72 

.72 
.72 
.72 
.72 
.72 
.72 
-72 



J.iJTfri 

4J94U 

45-jh; 

49171 

49119 

4434ft 

L9490 
I I iOI 
445M 
IflfiCI 
1 M4S 






,71 

,79 

,71 

.71 
.71 

.71 
.71 

.7' 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
JO 

.7ii 

.7(1 
.70 

.70 
.7(1 

.70 
.70 
,70 

.7n 
.711 

■ 

.69 

,R0 

,.■1 

.Oi> 
Hi" 



1 ...... 

L9891 
1 199* 

17921 

17Uf)H 

17111 

LI [09 

17961 

■ 
HMO 

47438 

r 171 

17193 

9.4,7999 

I77M 

( rr.n 

17 11 

17161 

;-" 

MS 1 20 
18171 
1 81 1 7 
4K201 

1 -.'.c; 

4K.lllh 

18449 

18489 

4**34 



11 1 Dl 



8,79 
,7© 

.71 
.7t 

.79 

.7'.' 

.79 
.71) 
,79 
,79 
,79 

7- 

,78 

,7a 

.78 
,78 

.7.-* 
.78 
.78 

, - 

[78 

.78 
.78 

,78 
,79 

.77. 
.77 
,77 

.71 
.71 

77 
.77 

.77 
.77 
.77 

.7, 

,77 
.77 

.7! 

.7 7 

,70 
,7« 

.7'! 

.: 

.7' 

.: 
.: 
,711 

ro 

,70 

.70 
.7ft 

.7.'. 
.71 



II 


M 


tw 


1 


■■' 


1 


»K 


2 


47 


3 


iC 


4 


55 


5 


64 


6 


■ 


7 


52 


8 


51 


9 


.■•11 


10 


48 


II 


4H 


11 


41 


13 


■!<' 


H 




15 


; 1 


it: 


i;i 


17 


■•-' 


18 


41 


19 


40 


10 


;iu 


:\ 


.19 


22 


37 


':.'. 


9fl 


M 


:15 


26 


u 


2(1 


39 


21 


U 




:| 


29 


;ui 


30 


19 


11 


28 


;i2 


11 


:<:i 


89 


SO 


2.» 


36 


24 


30 


a 1 


37 


22 


38 


21 


30 


211 


40 


19 


41 


18 


42 


17 


43 


Irt 


44 


15 


4ft, 


14 


10 


13 


47 


12 


IH 


II 


40 


HI 


50 


H 


ai 


8 


52 


7 


i$ 





54 





55 


1 


5A 


. 


57 


- 


58 


1 


99 


II 


t,u 


M 


Mi 






41717 

49841 
19999 

U.'H'. I I 

9*47949 
47060 
47127 

47109 

1720;) 
1 .-1. 1 
472VO 
47999 
•17371 
47411 

i ; 199 

47533 

47(151 
4 70'.»4 
47784 

47774 
47814 

47974 
46014 
46094 
48094 

18171 

48X18 

9,48291 

' 

4H3;i2 

18971 
48411 

IH490 

4RA>7 

■ 

■ 
4HHHI 

489i9 
I8V9H 



M" 

.ft 9 
.0« 

M 

.03 

M 

.91 



1 .. 

4rfO(iV 
48714 

: 
4su:tu 

■ 

491 lh 

■ 



■ 



.47 

j\: 

M 

.97 

.'17 

.91 

.91 

.47 

.471 

.97 

.44 

.44 
.rtfl! 
.04 
M 
.44! 
.rtfti 

.14 
.94 

,94 
,91 

■ 
.in; 



I 

4VOO0 
49799 

4*784 
■ 
49872 

50046 

■ 
(0207 

10811 

■ 

90441 

40486 

60529 

40019 

50749 

Q0789 

.ti.' 



50919 

tiooo 

&I04H 

Ml 78 



■ 



br 

.75 
.75 
.75 

I 

" 
.75 

.79 

.71 
.71 
.71 
.71 
.71 
.7. 
.71 
.74 
.71 
.74 
.71 
.74 
-T4) 

? 

.74 

.: I 
.78 
.73 

.73 

.: ■ 

.7.1 

.78 

.7.: 
.7:1 
.7;i 
.; 1 

. 

.7: 

-» 

': .' 
.7: 
.71 
.72 

,71 

.71 

.71 
.73 

.72 
10" 



:,. 






u\ 



w 




2<r 



: TV.-U>UATUTIIMK' 



M. 



U 

: 
I 
I 
5 



j 
II 
M 
II 
l I 
M 
16 

La 
u 

ia 

1 1 

BO 
II 


M 

21 
II 

-•■; 
•xi 
H 
SJ 
U 
31 
M 

n 

H 

.;.» 

.;: 
;w 
M 
16 


B 
li 

46 
M 

47 
tf 
!■» 
H 
51 
52 
IB 
64 
B6 
10 

57 
H 

vi 
■in 



.,:;m.. 

53475 

■ 

53641 
53710 

5STHS 

54603 

■ 

34181 

54105 

Min 

542tt7 

,|..'. i 

HIM 

■ li. ; 

-.i [to 

i45«0 
,1 M 
54 487 
446IU 

54763 

44760 

,l- D 
61 Witt 
54 DOS 
84938 
54060 

:» .».;., 

:.. 1 1 I 

,65180 

.. . .i ; 
53466 
65433 



* ,..ii 



0.5H 

,68 

..* 
,5ti 

..>7 

.47 
.57 
.57 
.47 
.57 
.47 

.57 
.11 

.57 

,w 

.67 
.67 
.67 

.47 

.:>: 

.47 
.67 
.56 
.60 
.56 
.50 

,60 

.40 

.60 
.60 

...it 
.50 
..'ni 
.50 
.50 

,58 

.60 
,60 
.50 
.50 

.5(1 
.54 

.65 
.65 
.65 
.5 '» 
.66 
.55 
.66 
,65 
,18 
.66 
.66 

"ST 



Ti 



C ■■ 



5(1164 



MM - 

Mill 
56621 

50408 

.660 It 
56578 

50615 

56665 
56711 

56771 
M6H 

5688; 

m m 

57014 

671)4? 

57110 
57160 
57IW 

57274 

... .i : 
57351 
57:t«tt 

57400 
57564 
57541 

57541 
6701V 
57658 

570 1>6 

87TW 

57772 

57911 

7840 

58001 
8871 
561 ifl 

. 
583J80 
56418 



in" 



M. 
1)0 

.'J 

51 

■: 

50 
55 
H 
53 

63 

51 
51 
U 

I-; 
i: 
M 
M 

it 
D 
u 

ID 

u 

' 
Ifl 
51 

u 
Ifl 
13 

J] 
30 
.,., 

87 
H 

25 

:i 

_•_' 

21 

20 

II 

18 

K 

LI 

LI 

14 

II 

IS 

II 

I't 

9 

8 

7 

8 

I 

4 
3 

I 




u 



K. 



U.6, 1.;.. 
664VU 

5551 4 
... . N 

15788 

1.5 rw 

56SKI 
66838 

66023 
558041 

65088 

51 1 I 
8.581 Ifl 

56213 
563 11 

■ 
5''-:i7;> 
... 168 
•.'. 16448 

66504 

.» U 
6660h 

58691 

56006 

■ 

56700 

56017 
58840 
56981 

671 IS 

571 ti 

S 47875 

57107 

' 
57160 
67161 

■ ■ 



i ■ 



ii. .v. 

.66 

.65 
■■■ 
.&:. 
.55 
II 
M 
M 
.54 
.64 
.54 
M 
.54 
.64 
.54 
.54 
.51 
4 
■ 

.54 
.64 

.54 

M 

.64 
.64 

.;.3 

....; 

..VI 

.:,:( 

.53 
.63 
.63 
.63 
.53 
.53 
.63 

.53 

.V.< 

.5a 

.53 

.53 
.53 
,61 
.63 
.52 
.62 
.52 

.52 

.52 

Ti* 



88784 

•■- 189 

■ 

■ 
amok 

51124;. 

58428 
58461 

58614 

500KH 
611726 
50762 

6i»;oo 

50HS5 

0.&0046 
86618 

ftiii)v:i 

60166 

811203 
00240 
«"2:« 

16846 

6042? 
864 >8 

B0 • IJ 



M.I. 

A 

A 
A 

... 

.63 

.03 
.03 

.1 . 
.62 

.62 
.62 

.63 
M 

53 

.62 

43 

1 

,63 
.63 

6* 
.62 
,83 

. 
.62 

.62 
.61 
.61 
.61 
.'I 
.(.I 
.61 
.61 
-M 
,61 

.61 

.61 

.61 
.61 

.61 
.61 
.61 
.81 
■61 
31 
.61 
.41 
.61 
.01 



.Vl 

.- 

H 
U 

Si 

..; 
52 

.ii 
I I 
i- 

17 
46 
H 
ii 
i\ 
15 
11 
18 

■ 
II 

. 

U 

•i 

n 
h 

88 

81 

II 

M 
II 

II 
M 

i ' 
in 
K 
U 
14 
M 
|| 
I] 
II 
Ifl 
I 
8 

7 
I 
5 
4 
I 
2 
I 







an 



M 



*H* 



\M> TAN 



M 



Ki' 



! 



IT M. 

).I.(JMI 
flu*77 

606 .v 

66631 
66661 

fllMIl 

61 US 
61 Ml 
0IIH4 
SUM 
SIIU 
SltM 

61 .164 
MI4I" 

r.H>. 

61471 

61 -41 

sitn 

01681 

KflirM 
6i rM 

61M1 

01930 

».02II4 

03*31 

SUM 

. 

- II 

02536 
I3&T4 

nan;. 



l'.«i M r 



h 






IT 



I B.»| 

(MM J! 

10 5MM "JJ* 

ii vvi;.ii '1; i 

&0603 *l 

■ 
(Mi . 

mbn 

5696 

6Mii ;: 

<..,, tic" 

SO 60*70 '*?.{ 

' is 
SS 6013 

eoi>: ! 

aoisr. :; 

00244 "' 

80273 4S, 

6oui *;; 

60474 *J 

ooio;i "S 

II 'I* 

60T6J 

flOrt! 

6081 

■'' 
i.r 



■ 






TABLK W. I.o.:,\IUTHMh' 



2,V 




>■■.. 



M 



ri 

7 

8 
o 
10 

II 
u 
II 

i; 
i;> 
16 
17 

IK 
1U 

I'll 
21 

22 

22 

H 

26 
SW 
SI 

w 

90 

:;m 
;;i 
Hfl 
82 
U 

86 

SI 
88 
28 

40 
li 
19 

43 
n 

48 

•17 

ie 

i '.i 

Ml 

M 

.■■•_• 

62 

,.i 
U 
H 
;»; 
U 
H 
H 

M. 



■ 
II Ml 111 

01078 

hi Mil 

■ 

01 II I 

(ii 270 

61398 
BUM 

■ i i 
61383 
01411 
01408 
ill LU 

HI iTB 

61634 

fllflrt2j 

0| !. ' 

61717 

61745 

81T73 

0.61M0 

61618 

61911 
Oil I) 

61 160 

6i ■-,, 

H2l.il ' 

62164 

8324 i 
62248 

82022 
0.62360 

62441 
824 IS 

02484 
625 13 
62fH i 



47 
47 

.47 
.17 
.17 

-In 

.4*1 
16 
48 
At 
,48 
,44 
.ie 
,48 
.41 
.48 
At 
At 
■ 

At 

.(<■ 
-|h 
-411 
.44 
46 

M 
At 
At 

li. 
- * > 
.41 
.|i. 
40 
41 
41 
.46 
41 
44 
41 
44 
,45 
Ah 



■ 
9.IHHM 

84112*' 

64004 

05028 
65062 

66134 

(161 (U 
65197 

H62U9 

66406 
OMM 

I 

■ 

I 409 

65730 
65770: 

65837 
06870 

0.6HMH 

BOOT! 
604IU4 
68088 

66071 

I I [04 
■ . 
«fil71 
, . |04 

(1*271 

6888! 
06371 

08421 

08608 

08627 
0,64 17 i 

■ 

66660 
06702 
06726 

60801 






• M.lll, t)| 



141 

41 

.57 
.57 
.,: 
. ■: 
.50 
46 
46 
46 
46 
4H 
46 
,61 

,64 

.66 
.66 

■ 
. it 

,64 

. .i. 

,64 

.Ml 

...i, 

,64 
.64 

.SB 

46 

.66 
44 
46 

.;.'■• 
.bt\ 
44 
.64 
.64 
44 
,66 

.55 
.55 
41 
44 

46 
45 

.... 

4S 

44 

.,'.:. 
40 
48 
46 
48 
46 



Ml" M 



66 
66 
N 

16 

35 
M 
62 

>1 
51 

;.d 
H 
68 

47 
14 

i.. 
)l 
U 

u 

41 
16 
M 

M 
01 
68 
04 

'.i 
61 

VI 
31 
U 
2> 
08 
21 

24 
11 
14 

22 

22 

21 

2i» 

18 
u 

17 

16 

16 
ii 
18 
12 
II 
1<| 
8 
9 

7 

5 
4 

a 

2 

1 




N 

il 
1 
2 
3 
4 
5 
6 
7 

e 

9 

III 
11 
12 
L2 
14 
15 
lii 
17 
IK 
19 
•n 

21 
22 
23 

24 

u 

36 
27 
2S 
29 
30 
51 
32 
33 
34 
04 
3A 

21 

38 

:i9 

411 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
51 
52 
55 
54 
55 
56 
67 
58 
5U 

no 

M. 



Hilt. | 

■ 

42703 
02720 
62763 

■ 

62MI 
62828 

62806 

v >.:— .»-' 
62018 
62 '.'45 

U2V72 

020H 

63028 

62018 
03108 
02188 

03186 
62218 

02202 
62310 

83372 

03604 

63531 
R3557 

6361(1 

■ 
■ 
9.03089 
62716 

637(17 

02838 
88846 
02872 

61924 
0.639.1O 

64002 
04022 
64664 

84080 

in ii i 

hi! . 

641 - 



III- 

Ml 
41 

.4;. 
,46 
.15 
.46 
.45 
.45 
.li. 
.46 
48 
.45 
,46 
.45 
.45 
.45 
.45 
.45 
46 
.44 
.14 
.11 
.11 
.11 
.14 
.11 
.11 

.44 

.11 

.44 
.44 
.44 
,14 
,14 
.44 
.44 
.44 
.44 
II 
,11 
.44 
44 

.14 
.44 
II 
II 
41 
.44 
.11 
.44 
48 
.4:1 
41 

43 
.4.1 
48 
,42 

1 I 

.1M 

l.: 



1 ,., 

■ 1061 

■ 
i;;n:;': 
87086 

67106 

0.87223 

87369 

B7Z96 

07204 

01 I 

H74:'i, 

67468 

67401 

■ 

67 >81 
87022 

. 
87714 

87784 
87817 

■ 
87014 

■ : 164 

68044 

0801 ■ 

68143 

(VKI74 

0.082O4 

68364 

■ 

88404 

88422 

88461 

68401 

68603 
68828 

88712 

68784 
68818 



in 
0, 1 

42 
46 
44 

. 

.66 

41 

. 

.,. 
. 1 
. I 

.61 

44 

. >i 
44 

44 

...1 
44 
44 

. >4 

H 

.,; 

A 

44 

,64 

...4 
44 
.64 
M 

■m 
...1 
.64 

.j4 

.64 

44 

...i 

. 

.64 

.64 

.'•I 
...i 
.64 

■: 



... 
-I 

03 

61 

.,. 

19 

4S 

61 
48 

45 
64 

13 
12 

41 

68 

■ 

01 
04 
21 
02 

81 
00 
24 
28 

'■-. 
1 1 
24 
24 

■J 
II 
20 
10 

1- 






!■ I ■ [ ■ 



m 







ISD TAJ 




•4S 



TABLK !V.-l,O0.\RITIIMIC 



20. 



o 
1 
3 

3 
4 

& 

fl 

; 

K 
9 
10 

II 

IV 

it 

i i 

I:. 

16 

17 
II 
I '.i 
> 
i!l 
U 

J i 
H 
ft 

:7 

• 

ft 

■Hi 
;:i 

.".i 
3;. 
16 

n 
it 

■ 

in 
ii 
is 

H 

u 

-l(i 

47 

IS 
43 

.,. 
M 

;.'.' 
■■i 

■: 

Ml 



I 






111 



n. 



'I Kllir HI" T»l - I" ^i 




1 
I 

:( 

i 

6 

a 

7 

M 
« 

11 

IS 

II 

II 
I.. 
I'. 

17 
18 

I '.) 

N 

-i 

..i 
-i 
IS 

•-ii 
27 

M 

n 

so 

i 

u 

.1 

M 
U 

.itt 

n 

n 

i 

40 

n 
IS 

I.. 

14 
13 

ia 

■17 
IK 

40 

M 
SI 

-■ 

a 

..i 

. 

:.7 

M 

I I 



l),6t*;>&i 
08003 

88048 

ABOM 
08710 

-...--■■; 

RSSII 

■ 
i;~v7i, 

Bggfl 

08966 

QfMM 

,.■■, 
00101 

a uss 

00107 

0U2I1 

M02M 

■ 
00340 

39300 
i|H 

oom 

00434 

M047fl 

■ 

090 11 

. 

Off U 

■ 

■ 

60875 

Ban 



■ 



0,3fi 

.: - 
. ■ 

. 

.Kb 

.38 

•38 

.3b 

.88 

.38 

. • 

.3b 

.u 

.3b 

.; - 
.3b 
..la 
..17 

..17 
.17 
.37 
.37 
.37 
,31 
.37 
.. ; 
. . 

. 7 
•;i7 
.37 
.37 
.37 
.37 
.37 
.11 
•37 
.31 
•37 
•37 
-37 
■ 37 
-.7 

47 

.37 

.. r 

•::7 

• 37 

I 
-37 

,r, 

.. 7 

• 37 
.37 
,37 
.37 
.37 
.30 

IT 



0,74371. 
74409 

74404 

71.. 1 I 

7404 I 

74073 
9.74703 

U 7<v: 

71- i 
: i i 
74010 
74V.1U 
7400 I 

7602H 

7. oaa 

75117 
75146 

nm 

75106 
763U 

75^04 

9.7*901 
76831 

75553 
76888 

75111 
7MJ1 

rotti 

7601 1 

70076 
75705 
" 
76764 

750 10 
76W09 

7811 . 

mm 






.so 

.." 

.50 

.60 
.50 

M 
M 
43 

.49 

.49 
.411 
.40 

.4'! 
• l I 
.4'.' 

A9 

49 

,41 

M 

-i't 
,49 
49 

.4 V 

.19 

41 

.49 
.49 
.49 
.49 
.49 

M 

AM 
.49 
.49 
.49 

.4 9 

AV 
-IV 
.49 
.49 

.49 

.49 
.49, 

•«l 
.49 

4V 
41 
41 

A'.' 

41 

.-IV 
|| 

.!'■ 

41 





HI 



U 



oa 

■ 
M 

■I 
M 

40 

n 

i - 

44 
49 

I3J 

41 

40 

::s 
;i7 
■fl 

89 
::i 
N 
10 
IB 
19 
N 
If 
34 

n 

n 
ii 
id 
II 
is 
ii 
i • 
is 
ii 
II 
\i 
ii 
in 
■' 
- 
■ 

I 
I 

4 
I 

■ 
1 
u 



«»» 



M. 








I 


73441 


2 


73441 


a 


73481 


i 




6 




e 


73442 


7 




e 


73582 







10 


73628 


ii 


9.7264) 


is 


73883 


u 




H 


73703 


15 


73783 


[fl 


78743 


17 




Lfl 




19 


■ 


80 


72023 


21 


I.72H13 


"J 




|! 


73883 


u 




25 


ram 


2'i 


72042 


27 




2H 


73941 


XV 




Bfl 


; 1021 


:il 


8.73011 


u 


73081 






24 


7:1111 


36 


73181 


96 


73141 


::; 


7.:l 10 


u 


73181 


30 


rasoi) 


40 


. 


41 


'i ; -._■: l 


4: 




4^1 


73379 


14 


74308 


45 




,,. 


71.nr 


17 


■ 


48 


| «77 


49 


73398 




7M 14 


■ 1 


9.3 14315 


62 


784 •' 




7:U74 


M 


7 1494 


ii 


73513 


in 


7363 1 


■ ; 


73881 


M 






v 11 


H 


73411 



II. .1-1 

,14 

.-.i 
44 
.34 

.34 
.34 

.33 

. : : 

■ 
.S3 

. 11 

I 

.33 

..13 

. :;i 

.13 
I 
. :.: 
.33 
.13 
..13 
•33 
48 
•43 

-38 
.38 
.33 

. t: 
49 

.i.i 

■ : 

. : I 

. 1.1 
. 13 
.83 
.i.i 
.83 

■13 

43 
43 
43 

II 
43 
.i.l 
48 
48 
48 
48 
48 
43 

43 

.32 
■ .' 
41 

hi" 



79833 

79091 
7\>riB 
79T47 

71(804 

■ 

9,79888 

7vul4 
71)1173 

BOM 

801 1 2 
8*1140 

9.80 ItW 
801»."i 
BQS93 

.MO LSI 
1021 ' 
B03D7 

80363 
803UI ! 
88418 

9.81 147 

■ 

B05D9 

80588 

80888 

. . . 

80683 
B9068 

80(197. 

8,80735 

HT58 

BH*Ml 

KOKlfl 
B0804 

80918 

I 

80978 

Kin .H 

81058 

shim'. 
si 11 1 
.Him 
Biirtu 
BUM 
81934 
81303 



11.1/ 
.47 
AT 
.47 
.47 
.47 
.47 
4; 

.17 

.17 

.17 

.47 

.17 
.17 
.17 
.17 
.47 
.47 

% 

.17 
.47 
.47 

.17 
M 
.17 
.'17 
.11 
.4*1 
.4*1 
-I* 
.!■■■ 
.M 

.in 

.48 

.in 
.10 
.4*1 

,4a 

i 

.48 

.lr, 

4,1 
,4fl 

.1 ■; 
.4 I 
.40 

>■ 

lfl 
.48 

.!•'. 

M 

.in 

.4(1 

.4n 

1 ■ 

M 

.**■. 

ii" 



BO 
Ml 
88 

•■7 

■I. 

85 
M 
53 

:>i 
..1 

-in 

48 

17 

10 

45 
44 

4 : 
43 

41 

ID 

88 
88 

■M 

80 

.0 
84 
88 
81 

81 
;to 
99 
88 
27 

88 

85 

-'1 
88 
19 

81 
80 

10 

t.s 
17 
16 
15 
14 
18 
II 
1 1 

Hi 

8 

8 
7 

6 

5 

4 
3 
I 
I 




11 
1 
2 

•'■ 
4 
5 
8 

7 

8 
9 
10 
11 
II 

13 
14 
15 
18 

17 
lb 

IV 
20 

n 

83 
18 

*_'i 
15 
88 

27 
98 

29 

80 

81 

;■: 

I 

34 

85 

N 

87 
86 
88 

49 

41 
42 
43 

11 
85 

10 
47 

4V 
80 
61 
83 

:.;i 

M 
65 

86 

> 
.-■I 

Ml 
I 



■ 

73660 
734(10 

. 

73747 

7370*1 

73803 

8.78834 
78848 

73863 
73882 
73301 
73V21 
73040 
78988 
73978 
73007 
9.74017 
74030 
710.-.! 
74074 

74«va 
74118 
74133 

74161 
71170 
711-'. 
0.742OH 
74227 
74240 
7420* 
74884 

74388 
74313 

74841 

74300 

71.170 

9.7439H 

71417 

74438 
74453 

74474 
71493 
74519 

74 MO 

1.74581 

71001. 

7414 I 
74*102 
74*181 
7478C 

71-1" 
I 1 31 
74758 



-1 181 

1 : . 

SI 178 

31 .<!•• 

81811 
81838 

B1888 

61740 

61770 

81803 

3.8183] 

81013 
B194] 

8109(1 

82078 
B .83104 
831 13 
821(11 
82188 
82216 

H997B 

■ 

B34DT 
83438 
■ H 
83488 

83511 
835 1 1 

82598 

■'.-•_v. .■. 
836B1 
82708 

B3781 

-> 1 ( 
I 



lu«, |M" 1 ■ !•:" 



11.4 « 

46 
48 

.40 

.40 

. 

.40 

.40 

.40 

.411 

.40 

.4*1 

.40 

.40 

.4*1 

At'. 
. I 
.-it, 
.40 
.46 
.40 

.it; 
M 
At 
.4*. 

I 
.40 
.40 
..< 
.46 
.46 
.n. 
.46 
.40 
.46 
.46 
A\ 
■ 
.4(1 

I 
.46 
■49 
,46 

.40 

46 

.4(1 
.4(, 
.41'. 
.40 

.1.. 

. 

.45 
41 

.46 



BO 
59 
58 

M 

v. 

59 

51 
M 

18 

17 
I'l 

1 i 
11 
18 
II 
11 
10 
ia 

.".7 

88 
89 

84 
88 

83 
81 

80 

so 

IB 

27 

16 

J* 
08 
19 

•j 1 

19 

I - 

17 

18 
18 

I I 
l I 
L2 
11 

8 

8 

7 
B 

'• 
I 
I 

1 
D 



or 



11 



"5i» 



M 



I 3 AND TAN0EST3. 



:t.v 



0.747M 

th::h 
T4HU 

r48ea 

74 yw 
78017 
70O30 

. 

750ZI 

750UI 

7sita 

; UT 

. ■ tl 

■ 
7S2M 

i IM 
7UA8 

. 

7 .l.i. 

rataa 

75441 

: .i .. 

B.766H 

75MW 
750U J 

75OO0 
75078 
0.7M5M 
75714 
761 L0 

7.'.7BO 

7581] 
TflgM 



041 
.;il 

..-.i 
41 

.31 
41 

41 

.:tl 
.31 
.SI 
.31 

.:;. 

.31 

..:i 

41 

.:n 
41 

.It I 
41 

41 
41 

-III 
.:'.! 

41 

41 

.'.l 

41 
41 
.31 
41 
41 
41 
41 
./.I 

4a 

48 

.:" 

. II 

. 
.in 

40 

41 

.00 
41 
40 
40 

.30 

.80 

..iu 



B8M1 

B3117 

8*171 

1.83198 

BU2A 

98103 

- 

BJ 1 1 B 

83SM 

- 
9.83740 

I ■ 

83823 

«.Ts7rt 

- 

■ 
1.844111 

■ 

8l«02 
84119 
84140 

84300 

- 
84354 

■ 

w:ui7 

• 

844 1 5 
KUVO 

MAO 



M. | SlD». OP Tmu K . im 

I 

1 

: 

3 

4 
5 

>'• 



i ■ 
.40 
40 
.45 
AS 
U 
.4'. 
.4-. 
.46 
• !-• 

.45 

44 
.45 

4 • 

. i ■ 
.45 
.45 
.(.» 
,1.. 
I ■ 
i i 
,40 
.i 

.4 » 
.»• 

A ■ 

l.. 

.45 

AS 

i i 
M 
.45 

.4 :. 
.45 

:!: 
'• 

A 

AS 
M 

A :• 
A • 

.45 
45 
.45 

.4.. 
.-..> 
.45 
45 

.4.» 

AS 
.45 

49 

.i 

1 ■. 

.4.- 



II, 



N. Vmln> l»i" 0*1 i ■ 

— or 



i 

2 

.'. 
4 
5 
I 
T 
B 
:• 
in 
ii 
rj 
M 
il 

15 

10 

tr 

l.s 

U 
ID 
II 
13 
SO 

u 

n 

n 

io 

I 

S3 

;;i 
IB 
SO 
ff 

SO 

00 
II 
ft] 

4 1 

■II 

4 ■ 

00 

II 

is 

10 

il 

51 

u 

H 

M 
H 
U 
If 
Bfl 
H 
00 




m. cwiii«. i>r r..i or m 



36 



TAUI.i: IV.— L(.i'; \i:i I il MIC 



H7» 



M. I M • 





1 
a 
I 

-i 

> 

7 
B 

9 
LI 

1 1 
IS 

a 
u 
i.. 
it 

17 

ID 
II 
16 

21 

M 

N 
89 
Ml 

n 

18 

n 
in 

:tl 
U 

M 
II 
H 

17 

1 1 
Ifl 

h' 
■II 
11 

I! 

I ■ 
i ■ 

47 

i* 

I I 

■ 

a 

M 
U 
M 

58 

• ■» 

■ 



9.70922 

70974 

77001* 
77O20 
7704 i 
77081 
7707ft 
77096 
0.77111 
77 ISO 

771(7 

77166 

77IKI 
i :\\i i 
77216 

77260 
77208 

7731 I 

77*78 
77387 

77423 

7 74.(1) 

i 77448 
77473 
77490 

77584 

77541 

77675 

;7.vi-» 

77809 

77648 

■ 
77077 
77804 

77711 

i 

777H 

77701 

9.77708 
77811 

. 7848 
77S02 

77808 

■ 

77948 






o.jy 
.."i 
,2fl 

.211 

.'.''I 

,29 
.28 
.'_'« 
.29 

.-"i 

::> 
.24 

■29 

.. 

.29 
.24 
.29 
.38 
•29 
.29 
.31 
■91 
.11 
■21 
-:• 
U 

■23 
-28 

•2* 
■23 

.2S 

-28 

-9> 

■28 
-28 
19 

.28 
-26 

•28 

.28 

.28 

.28 

.2H 

.28 
ja 

.23 

.: 
.24 
.89 
■ > 
.89 

in 



H617H 
80200 

. 

80312 

N 1 18 

8(1418 
«0U9 

at i:i 

. 
U808 

80000 

Mil 702 
II 789 
8681 fi 

void 
- ■.)_•] 
-i. i t ; 
98076 

■ Mill 

87027 

B70TO 

17 100 
■ "132 

■ ; i £ 
87185 
,37211 

sr:ii7 

87448 
,81 178 

S7..0I 

87304 

8:<:oo 

S7TII 



IT 91, 

511 

97 
H 

■.. 

U 

-■ 
II 
H 

in 

17 
10 
45 

41 
•1.1 

u 

41 

in 

N 
88 

■ 7 
■'■ 

H 

.".1 
..; 
J 
: 
;io 
•j ;i 

89 

89 
H 
18 
M 
28 
SI 
■ji 
-ii 
19 
16 

17 

19 

i.* 
u 
19 
12 

1 1 
hi 
i' 
G 
7 

5 
4 



11 

u 

.11 
-■11 
.11 
.11 

.11 
.11 
.11 

." 

.11 
.11 
.11 
.11 
.11 
.11 
.11 
11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 

H 

11 
.11 
M 

.14 
.11 
,li 
.11 
.11 

,44 

.11 
.11 
.44 

.11 
.11 
.11 
.11 
.11 
,11 

11 
.11 
.11 

U 

it 
,11 

ll 
.11 
,11 
.11 
.li 

ll 
.11 



I HI ">_-. IH" 



D. 








1 


7798 


2 


77988 


3 


77'>D< 


4 




6 


7HU3H 







7 


73988 


8 


7*mi 


9 




10 


Tana 


ii 


0.7*130 


12 


78141 


11 


78181 


U 




18 




10 


7821.1 


17 


■ 


18 


78246 


10 




SO 


782 i' 


11 


9.78206 


92 


res i: 


:;i 




24 


: \ 146 


: 




so 




17 




■-- 


7HII2 


'.'« 




30 




II 




:.'2 




: . 




.14 


78M6 


:io 


78827 


■ 


78 4i 


17 


. 


"■■ 




89 


78392 


id 


. 


ll 


■ 


u 


. 


II 




-ll 


78074 


48 


7R691 


40 


78701 


47 




i - 


. . 


69 


7H750 


BO 


7^77'J 


51 


■i 7-;.^ 


19 


■ 


II 


7HS'21 


84 


78837 


96 


78353 


19 




... 




N 


78901 


59 




60 

1 ( '< 




■ 



1.26 

.28 

.28 
,28 

.:.- 

.28 

■ - 
M 

Jfl 

.:- 
.:- 
.*> 
.28 

.:- 
.•> 
.?.- 
.:; 

-'J 7 

.27 

.27 

.-; 
.27 
p» 
.21 

.:; 
.;. 
.27 
.L'7 
.27 
.27 
SI 
•-< 
37 
.27 
.27 

.:7 
,11 
.•:: 
... 
,« 
.:•; 
.:•- 
.21 
.27 
.27 
.21 
,21 

.1!7 



H7PU3 
87881 

B7894 

87W22 

87974 

U.88U Ifl 

88021 

88053 

B8ID6 

68158 
88210 

86313 

h>116t T 
B8471 

88498 
9.88524 

88A77 

s.-iii;ii 
B8H3S 
B80B1 
B8707 

8691 8 

890731 
60009 

.-■. 12 I 
80151 



.41 
.44 
.44 
.44 

.41 

.44 
.44 
.44 

.44 
.44 
.4 1 

- 
A I 
.44 

.44 

.1 I 
.44 
.1 ' 
.4 1 
.1 I 

.11 



80171 ■ :l 

. 

6MM ; u 






.1.! 



I' 



Ml 
■1 

49 
IB 

47 

40 

IS 

41 

08 

42 
41 
40 
89 

18 

:t7 

:*l 
.... 
81 

BO 

'J 7 

98 

-i 

:■■ 

II 

20 

I" 
l» 
11 

in 

I i 
ll 
18 

12 
11 

10 
V 
8 
7 
A 
5 
4 
I 
2 
1 


IF 






at* 



16 



. i. r.\xai 



» >>„ u 



7S9n; i 

7 1 

I.T9111 

79144 

rotti 

■ 



.21 

.:; 
.:; 
.37 

..; 
.27 

.:; 
.:'; 
.-; 
.2; 
..•7 
• 27 

.:; 
.31 

.:: 
.:: 



. 
■ 

7UWI 
7tfilO 

I .<■,- 
■ 

fmm 

r»ni 

1.79744 

7U77K 
W7W 
79A9Q 

79340 
rooti 



.11 

.•.''■ 

.M 

■. 
.SI 

.■:■'. 
•3d 

• 2i 

.rt 

.24 
.M 
.SI 

.M 

M 

.30 

• 26 

■ > 
.: 
M 

U 

jc 

H 
.34] 



Or, 



■ 
bwar 

B 511 

- '721 

bvwai 

Vdun'j 
I ;• 

B BOOM 

Boni 

void 

'MM I 

B050I 

,r» •;: 

9«7<S 

Boai 1 

99837 



[»!*' M 



I 

I 

2 

3 
4 

• 
T 
8 
V 
10 

II 

12 
U 
M 
1.. 
IA 
i; 
IS 
19 
H 
21 

u 

. 

M 

37 

M 
U 

' 

1 

37 

' 
41 

11 

42 
U 
44 
45 
44 
47 
IB 

41 

53 

■"■ 

67 
58 

i 1 
M 



■ 

. 

79981 
7W1 1 

■ 

80074 
800*9 

80151 
M 1 '. 7 

8033 1 

BOOM 

■ 

B04SG 

BN49 
BMtf 

KU47;; 

■ 
I.MH8 

■ 

BOMB 

BOA80 

BOM 8 

SOCIO 
80625 
60641 

BOOM 

li.StV.71 

89703 



M 

.20 
vn 

.34 

.2«. 

. 
.2ft 

M 
dO 

I 

■2(1 
.90 

-2<. 

--'«. 

35 

.25 

.25 
•25 

■20 
-25 
.25 
.25 
-25 
.25 

._■;. 
.25 

' 

-' 

.20 
.33 

.25 






■ 

91QIN 

9109* 
9.91 171 
91141 
91172 
B1IM 

WMlil 

91 HI 

91404 

914*4 

91436 
914X2 
91507 

91 . J 
91585 
91914 

91662 

91713 

9i;sv 

91791 
91816 
9134: 

9.91893 
91919 
9194o 
•1971 
Bill 

9204M 
92073 
BMM 

. 






\,.in« 1 . 



■17 



4»° 



TABLK IV— LOUAIUTHMH' 



41° 



.11 


I 

2 
.: 
4 

5 

7 
H 
9 
10 
II 

ia 

i.. 
ii 

15 

H. 
17 
IK 

19 

60 
|| 

n 

-■■ 
24 
29 

n 
n 

_•- 

:•> 
;;u 
81 
82 
.i; 
M 
:r. 
SB 
87 
IS 
:n 

60 

II 

43 

i ■ 
ii 
U 

•u; 
\; 
IB 
l.i 
.'.(i 
.si 
M 
i3 
M 
66 
v. 
rt 

u 

H 

i.i 



BOS* 7 

8UKK2 

80UI3 

8D927 

80tf42 

■ 

9.8O0T1 

Sins, 

8 3 

81017 
81433 
BI641 
SIOAl 
31171 

81061 

81 IM 

91151 

91 1H 

- S10 

BUM 
81340 

0.HI JOS 

■ 

81314 

M4U2 
8.81417 

- 

KI.MU 
I 

BIM7 

- , .. 

•li.'M 



i'. ( . (|it 



0.2.1 

.25 
,3 

.34 

ji 

.. 

J 

.30 

. 

I 

.25 

M 

I 

.30 

.35 
55 

JO 

.'.':. 
.25 

M 

3a 

.25 

15 
.25 
U 

.25 
.25 
,16 
.25 

25 
.21 

SI 
.34 
,34 

.21 

,24 

.21 
.21 
.34 
,24 

.21 
21 
.21 
.21 

24 

.L't 
.21 
.21 

D 



: ■ 



■ 
93467 

92438 

03484 

9251 H 

0268* 

93611 

0,03096 

03689 
9371) 

927A« 

0SB1T 
0331 1 

V280H 

92*94 

1.03921 

11 294 5 
9297 L 

V29D« 

9:11122 

\);*04a 
I 

RUM 

■1., I .11 
9.98175 

03201 

93227 
93343 

H.J 161 
9;t;i2tf 

a; im. 
1.93431 

■1 ;i .: 

■ 

03 1 I : 

B6610 

93713 
08738 

03783 

■ 

'.KM II 

•1 : I 
U'V.Hf. 



0.4a 

r: 
Ai 

A;\ 
.43 
.4:1 
.4.1 
.43 
.43 
.4.1 
.43 
.1.1 
.43 
.4.1 
.4.1 
i:; 
.4;t 
.43 
.1:: 
.4.1 

.4:t 
.1.. 
A3 

.4.', 
.4:1 
.i:t 
,43 
A:\ 
.43 
.4:1 
.43 
.4:1 
.43 
.43 
.4:1 
.43 
.4:1 

.!:: 
-43 
.4.1 
.43 
-43 
.43 
.43 
.43 
-43 
.43 
.43 
.43 
43 

.43 
.43 
.43 
At 
.43 
.43 
.43 
.4:1 

.13 
111" 



on 

00 

58 

.'.7 

66 

N 

6.1 
52 
01 
..n 
B 

4- 

47 
06 

45 
44 
4'; 
■12 
41 
40 
10 
:is 
:*7 
80 
81 

84 

18 
80 
II 
80 

n 

2s 
27 

86 

85 

H 

88 

•j 1 

211 

10 
Ifl 

17 
lrt 
10 
14 
18 
12 
H 
10 

9 

8 
7 
A 
& 
4 

8 

3 

1 

(i 



I 



2 
it 
4 
B 


7 
8 
9 
10 
II 

ta 
n 

11 

15 

16 

17 
Is 
19 

n 

21 

89 
88 
M 

IB 

80 
27 

M 

2'.l 

86 

Ml 

n 

83 

M 
86 

80 
17 
08 

Mfl 

in 
41 
U 

1 ; 
u 
4:. 

48 

4; 

l;» 

:.d 
:.i 
56 

56 

54 

63 

57 

;.i 
56 
flu 



Ml..' PI I. ill. IM 



Ml 194 

*I7«9 

hi 72;. 
bi roe 

8I7S2 
81761 

81701 

MI7VR 
81*111 

81 630 

6163V 

BI864 

81866 

81882 
HIHW7 
81*11 
B1936 
BL940 
81 955 
HI WAV 

B1960 

836 1 1 
82920 
82 > I 1 
H2A55 
HZUAV 
■ 
88066 
88113 
82120 

y.*2Hi 

B2I55 
H21AV 

821U8 
H23I2 
82136 
88641 

■ 
8231 1 

K23WI 

■ 

■ 

H_'4li7 

82481 

B1M0 

F125! 7 
Bttftl 



t 34 
.34 

.21 
.£4 
.34 

.24 
.24 

.21 

.24 

.:i 

.24 
.24 
.14 

.21 
.21 
.•11 

...1 

224 

.21 
.24 

.21 
.21 
.24 
.24 
.24 
.21 
M 
.24 
.21 
.24 
.21 
.2 1 

24 

.24 
.34 
.21 
•-1 
.24 
.24 
.24 
.24 
,34 
.24 
.24 
.24 
.24 
.24 
.24 
03 
38 
,38 
.2.1 
,39 

.23 

.2:1 

IT 



U39I6 
93943 
9395 7 
06961 
■. 1018 
84664 

V4W.9 

94606 

Ml 2i> 
V i I I ;, 
Ml 71 

9424H 

8439U 

1II4UI 
944 2 A 

1,114403 
It 1177 

■ 

M:>7g 

84680 

1 94706 

■ 

841 A 

94834 

94884 

U.I9I A 

94980 

90001 
90111 

v&iai 

1 ,| .,i 

1.96810 

8 MO 

I . .'.1 1 

■ 
85444 



.43 

.4.1 

.43 

.' 

.4.. 

.4.'. 

.I.' 

-4! 

.12 

At 
At 
Ai 

■ 

.1: 

I 
.41 

.43 

Ai 

.43 
.1: 
.12 

.4: 

.1: 

.42 

.45) 

AS 

AI 

.1 : 

.42 

Ai 

.1 ' 

.4 2 
Ai 

At 

1 
.1: 

.41 

.12 
A3 
Ai 

Ai 

Ai 

.12 
.42 

.12 
.I.' 

Ai 

Ai 

.43 

-12 
.42 



< nt una I-." 



66 

59 
OH 

16 

65 

04 

01 

ou 

49 
48 
47 
46 
15 
44 
l.i 
68 
41 
4U 

... 

X5 
.14 

83 

31 
10 

2H 

27 
2:. 

' 
21 
:'ii 
19 
10 
17 

14 

1 I 
1: 
11 

In 
9 
8 
7 
A 
I 
4 
1 
2 
1 
II 









49° 



4S 



51 



TABLE IV.-UXJABITUMIC 



«r> 









84180 

usoa 

84214 

Maa 

B121M 

■ 

I 

- 

wa»a 

Mill 

84424 

84476 

■ 

1 
HI 002 
MHO , 

10 

- .< I ' 

0.847(17 
84 790 

847?) 

■ .. i 

'.l.M- 15 

■ 

■1-V. 
S 191 i 

-| .v. 



I 



DP 

0.22 
,99 

89 

.22 

,99 
.22 
22 
.32 
.22 
.22 
.22 
.29 
.22 
.99 
.32 
.22 
.22 
.22 
.22 

.22 

22 
219 

.21 
.21 
.21 
.21 

.21 
.21 
.21 
.21 
.21 
.21 
221 
.21 
.21 
.21 
.21 
.21 
.91 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
*l 
.21 
.21 
.21 
.21 
.21 
221 
.21 
.21 
.21 

iir 



Tin*. 



*.•-*- i 

PBM I 

9SI1I0 

981 i i 
8.98742 

HvMJ 

lMMhh 
9*8*4 

8.8981 i 

u n it in 

8911 II 

9'iUI 
98 1 Ml 
U'JIUI 

88917 

.,.,..,.. 

8.98381 
98993 

88318 

883*1 

89394 
'(', 19 
BM-W 
88469 

•JV 196 

i.i is 

■I I ,. 
■ 

U'Jf'.? 2 

88731 

887417 

0B79S 
■■■■- |B 

88899 

■ 
im-H'i 



('..! IH 



III" 

8.49 

.12 

42 
.42 

12 
.42 
.42 
.42 
.42 
,41 
,42 
.42 
.42 
.42 
.42 
.12 
,49 
.42 

I-' 
,42 

12 
,12 
,49 

IS 
.42 
.12 
49 

99 

12 
.42 

.12 
,12 
,12 
.42 
,12 
.12 
.42 
.42 
.42 
.42 
49 
.42 
.12 
.42 

41 

.42 
.42 
49 

.42 

.42 
.42 

,12 

.12 

12 

12 

49 

.42 
49 

49 

.12 



nr 



\t. 


8 


u 


B.84948 


1 


84B0I 


2 


84B74 


8 


.H4yflft 


4 


B4998 


5 


B59U 


e 


85024 


7 




8 


66041 


9 




10 


85074 


11 




19 


BSIM 


i:i 




14 


BM9J 


IS 


85137 


ifi 


85150 


17 




1M 


85174 


IB 


86187 


I'ti 


B >2tl 


11 




19 




23 




24 


B .; hi 


u 


85243 


M 


B5274 


■>7 




28 


B51 U 


20 


B6SI3 


16 


B53W 


•HI 




99 


8534 V, 




86381 


34 


85374 






36 




37 


85411 






39 


85U« 


40 




41 


!».K54(II> 


42 




43 




44 


B5491 


!• 




41 




47 




4-s 


B6547 


49 




so 


-..-i 


0) 


I 


52 




53 




M 




.">."> 




60 




57 




sa 




SB 




Ml 





in" Tiu 



M r 



022] 
2J 1 

.91 
.21 

.91 
.21 
.21 
.21 
.21 
.".il 
.21 

.21 

.21 

.21 
.91 

5! 

.21 

.11 

5! 

■ 

.3 

.21 

.11 
.21 
.21 
.21 
.:i 
.21 
.91 
.21 

.21 

2)| 

.■:i 
.21 

.81 

.211 
,21 

.VI 
.'.1 

.21 
.LI 

.21 

1G 

.20 

.20 
.30 
220 
.20 
,20 

so 

.'J (I 

.VII 

so 

.21 



10 



li* 



in 



77 

00202 

011480 
0U&5* 

ill ■>! 

OOOai 

■ 

00834 

i OH ■ 
008(10 

II I 

.ii I ii if. 
01037 

ii i i i I 
0113 
01 Ml 

01311 

1 21 

01281 

01281 

n l i'.l i 

01413 

in mi 

t'l.'.ir. 



.- 



EM 

849 

.12 
49 
.42 
.12 
.42 
41 
41 
.42 
.41 
41 
.4:' 
.42 

a: 
41 
41 
41 

.4: 

.*: 

43 

41 
41 

43 
.42 
41 
41 

a: 
a-; 

.42 

I 

.42 
41 
.42 
43 
41 
49 
13 

41 

.41 
41 
.42 
41 

.42 

41 

.41 
41 

.42 

41 

.42 

41 



in" 



£8 
&8 
57 

1- 
-17 
40 

U 
44 

42 

41 

411 

38 
37 
Art 

.15 
94 

32 
31 

::u 
211 
23 
27 
99 
25 

22 
21 

18 

18 
17 

ift 

I! 

19 

LI 
II 

10 






IJ 






TT 



SINES A?l STS, 



97« 




IT' T»lt«. 



1' 


■ 


1 




1 


farm 


3 




4 


- :;-_< 


6 


B5I -1 


fl 




7 







8579 1 


V 




14 


- . i . 


II 




1? 


■ 


13 




M 


-,s;i 


16 


Ba67fl 


in 


B5S88 


17 




is 


B59I3 


IV 


B&924 


N 




21 


9.8 04J 


n 


■ 


23 




21 


1 


15 




ZR 




27 


■ 


M 




Vi 


KflOM 


u 




31 




12 


HUMS it 


.IX 




M 




35 


B6U8 


N 


Min 


IT 


-. 1 M 


Srt 


. 


3V 


SCI HI 


40 


K0170 


41 




is 




u 


: 


41 


Bfl23 1 


1 • 




u 


M.Jl. 


47 
















U\ 




51 


Msia 


i.i 


MS30 


M 


Bi 842 


55 




Sit 


B6W6 


*7 


sfl.'irr 


ti 




.<! 


8A401 


84 


8M13 


H. 


■ 



JO 
.11 
.91 

.20 

JO 
JO 

.20 
.20 

.20 
,M 

.20 

Jl 

.20 

.80 
Jl 

.J" 
.20 
.20 

,24 
.10 
.20 
JO 
.10 

.'.''I 

.20 
.J" 
.20 
JO 

• J' 
.2" 
JO 
JO 

10 

.20 
JO 
,90 
JO 
JO 
JO 
JO 
JO 
JO 
JO 

.■' 

JO 

.to 

JO 

.20 
JO 
JO 

.-" 

.20 

.'2il 
JO 

22ft 

VI' 



10.01518 

in.:? 

0IAI7 

11008 
01493} 
01719 
01744 
•1760 
10.91794 
01820 
01843 
"l-7o 
01896 
01021 
01040 
01071 1 

10.024 i: 
12073 

ir m> 

02120 

tl'JIIVI 

•2174 
02199 

02209 

I 
028ft] 

05199 

"J i t2 

0290)2 

■ 
02004 
0242 I 

II. 'I Ml 

02791 

01781 

i'."»i>- 

0*064 

O.tOfltf 

OSOM 

On » i iif. 



nr 
0.42 

42 

.42 

,12 

.42 

42 

.12 
.42 
.42 
.12 
42 

12 

.12 
.12 
.42 

42 

.12 

42 

.12 
.42 
49 

.42 
.42 
42 

42 
.42 

.42 

42 

12 
.12 

49 
42 

.12 

42 
42 

42 
12 
42 
42 
42 
49 

.42 
.42 
42 
42 

12 
.42 

12 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 



HI 



■ 
■ 

WHJB 

R04T3 
BI 183 

m.r> , 
BO "»■ 

>.i BO 43 

WIS" 7 

fcflfl24 

B0970 

06705 
B0717 

I ; i> 

-. ro . 

■.'.-' :; ■ 

BOftSl 

■ 

R0B7I 

O.0OHVO 

► i U02 
HI Oil 

ncg:4fi 

B0970 

■ 

B7410 
07090 

B7001 

5701 ■ 

370M 

-. In, 



III 



H 



,2ii 
,20 

.20 
Jl 
JU 
,11 
,20 
,20 

.21' 

JO 

.10 

.11 

|0 
.10 
.10 
.12 

.11* 
,11 

.11* 
.10 

.IV 

.IV 

.11 

.IV 

.11 

.IV 
.IV 

■ I ' 

.IV 
-IV 
.IV 
-IV 

.10 

.IV 

.1 1 

.IV 
.IV 
.IV 
.10 

.10 
.19 

.in 
.1.1 

-IV 
.19 
.10 

.IV 

.10 

.11 
,10 

.10 

-I I 
II 

.191 

-IV 

,11 

.191 
.19 



00110 

I. .11.1 
I 

110.(1.1314 

I 
i ...m 

I | 

Maw 

HM.:;i.7 
ii. ■ '.'■: 

... . is 

02710 
02744 

i i fl 

I 

i 
I 
I i 

■ 

■ 
10.040 74 

04170 

04299 
M2I2 

M 1 1 

043i3 
04979 

044M 

■ 
hi .... 

114 l i. 



1'i" i 



0.43 

.42 

l: 

42 

.451 

42 

42 

.42 j 

41 

.41 

.42 

.42 
-42 
.42 
42 

-4 2 

41 
42 

.42 
.42 

.12 
.42 
42 

.42 

42 
42 
42 

.42 
.43 
43 

43 

43 
.42 

-42 

42 
43 
43 

.4 2 
.42 
42 
.42 
ii 

43 
43 
42 

.12 
.42 

13 

U 
42 

12 
U 

.42 

.42 
.12 

l»l 



n* 
60 

S7 

I 

54 

■ 

■ 

H 
40 

4H 
47 
4ft 
08 

44 
43 

42 
41 

86 

37 

■ 
; i 

21 

m 

10 

27 

H 

34 

12 

. 

2« 

IV 
IB 

17 
[fl 
15 
14 
10 
12 
II 
Ml 

9 

e 

i 

ft 

6 
4 
3 
3 

1 




•4 V 



TAin.r. iv.-i.oi;\iuriiui<: 



i-» 



n 






'.'.-; 101 

B7130 

B71W 
H7I64 

87198 
k7221 ... 

nl "!« 
871 i . 

■ 

B7606 

*727 7 
37368 
B7600 
B76U 

■.» s:;H'. 
81 ill 

87412 

87 4 U 

8 -"4.11 

374*0 

B 874 .r 

"-7I Uj 

874Ui)| 

B7S1S 
87 IU 

1 : ■ 
* 7 ;•;-.• 
- ; . i » 
87001 

87684 

8?fW5 
B76M 

I 970? I 

ft7iwn; 

B7T01 

B771I 

B7763 

87784 

67748 

87750 
B7767 
B777B 



.111 

.IV 

.l» 

.10 

.IV 
.10 

,18 

.IV 

.IV 



M< Urn IT OoCfiiiu. Ml 



l..n.\ t nr 



L0.OJ ■ ,t 
04601 

B4A83 
04791 

D4760 
04768 

«4«l ii 

10.04884 

04861 

04011 

i id ■ 
o-oii 

OJIMJ 

LO.66690 

0S141 

05 1 M 
0MU2 
US217 

0024:i 

05301 

10.0631 - 

■ 

'» Ml 
I 1 1| 
06473 
ONti 

. . , - 

•5674 

iu.or.jy.1 
06699 

0M7S 

•6701 

037»2 
00778 
06801 

i) m 

66608 

I i .-. 
06081 
i) non 7 

0A»33 
066M 



0.1 : 

,43 
.43 

.4 S 
.42 

(.' 

'■-■ 

.42 

.42 

,41 

.42 

12 

,41 
.41 

.42 
.41 

.42 
.4 2 
.43 
.12 
.IJ 
.42 
.42 
.41 

.42 

.41 

Ai 

.4^ 

11 

,11 

.11 
.12 
.42 
.12 
.12 
.42 
.41 
a: 
.1/ 

.12 
.42 
.42 
.42 
.42 
-U 
.42 
.42 
.42 
.42 
.42 
.42 
.1 I 
.41 
.4:1 
.43 
.41 
41 
.41 
.i.i 



M. 



M. 



M. 






9.B7778 
BTBll 

B7M4 

87877 

■ 

0.878*8 

B7BOB 

k.d:u 

B MS 

B7UW 
B 976 

■ 
B.B8I 01 

BSI in 

88UV4 

-- | . 

0.881 16 
SHIM 

■ 

88158 

8S2H1 
882 12 

' 
B8ti I 
88344 
3BMB 
B0ft6fl 

38381 

. 

3831 fl 

K~:ti'i 
B8S61 
BftMl 

88372 

I 

88416 

■ 



A 

.is 

.i ■ 
.1- 

.18 
.18 

.1- 
.1- 
.18 
.18 
,18 
I- 
.i> 
.18 
.18 
.1^ 
.IB 
.18 
.18 
.t- 

aa 

J 8 
.is 

.IK 
-I- 
.18 
.IS 
.18 
.In 

.!-> 

.18 
.1^ 
,18 
II 
.1* 

• is 
.18 
J8 

■ IK 

.18 
.18 
-|n 
,18 

.IK 

JB 

.IK 

,16 

.It* 

.is 
.ih 

.IK 

.16 

.18 

,18 

.16 

-IS 

IK 

• IK 
.IS 
.IK 



M. I 120 



10100 
•0311 

04 i . 
•0060 

10.04 '.I 

''ii 

•4418 

06461 
••4*1 

■ 

•4541 

M66I 

. 

•664fl 
•66-71 

I 

■ 
061 ik 
0rt;i:i 

■ 
58001 

■I .:' g 
06676 

D7664 
07011 

07060 

on nit 

10.07161 

■ 

i»7ih:i 

071O8 

■ ■ 

072611 

07668 

07.111 

07337 

07663 

10.07686 

0741.1 

07430 

07415 

074V*' 

07614 

Dl 'iv 

||7. .u; 

07466 

07610 

coitus. 



■ 



.43 

A I 

.) . 
.4 I 
-1 .1 

.l-i 

.1 I 

.43 

i l 
a: 
4* 

43 

.4 ; 
43 
-i I 
-it 
.43 

41 

.43 

.It 

.1 I 

.r. 

.i ■ 

A 

43 

A 

A- 

A 

43 

4» 

.1 

I ■ 

.(■■ 

i ■ 

I ■ 

.1 

,43 

43 

i : 
.).. 
13 

i 

.4.1 

,46 

.i | 
i:; 
18 
46 
,43 



M 

J.7 

66 

■ 
54 

si 

a 

..i 

'.O 

i'.l 

48 

47 

16 

4 _ . 

M 
66 
H 
ii 
46 
66 
3fl 

8) 

;;<■■ 
86 
34 
86 
81 
6] 
86 

2 '.i 

18 

M 

18 

21 

86 

'i 
■j 1 1 
18 
18 
II 
18 
16 
)i 

ia 

ii 

in 

B 



41 



11 




34H 



S1NKH AH I> TANG KM f3 



31 






Sliir. 


nr 


'OIK 

BS441 

■ ; '! ■ 

BHT8 "!J 
38101 'jj 

H ■', 

1 "« 

BBMi •;. 

8h.»;n • : 
0.H8S41 ' ; 

""■"- ll 
■ 


N , ,- 


BBMI .- 




sm* "!: 


«ysw '■■ 


i • : 


a .: 


B80M 


•" 


se - 


.1 1 








• i« 






BftrM 


• i • 


ssrai 


• i i 






9.8B7H 


• i i 


XS/ftl "j; 


Bsrrsl *i 


i 


hh;-.:; 




B889J 






1 ' 


— j 1 1 •;: 


" SM4 IT 


B8S44 ,i 


o.8sa;.i ■ : 


"-(*.. ■'! 


' "- 


B&WW "!} 


"' 17 


wvun ' _ 


hs;.i; ■ 1 


'l 


"'" IT 


' ' ,' 


.. 


880*3 *' 


" i - 


' ' * 


' ' : 


»i 1 


-" tf 


BM30 : 


bvojoI ■;; 


ro 


'" 



! 



s. >'. :m. 






mow 

»VU7I 
■ 
■ 

BV101 
8911 J 

MISS 

HVIKI 

99303 
B9313 

■ 
B9305 

V.IIM ■ 

f*v i i ;. 
BMSS 

SV44:» 

9.89465 

■ 
8048.'* 
BMW 

80MJ4 

■ 

■ 
09890 

BM1 1 

■ 
■■h.t . 



M. i —m. 



IT 

6.11 

i; 

17 

12 
17 
IT 
17 

17 

ir 
17 

17 
17 
17 
17 
17 
17 
17 
17 
II 
17 
17 
17 
17 
17 
17 

17 

17 

» 

II 

1" 

17 

171 

17 
17 
II 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
I 7 
17 
17 
17 
17 
II 

ir 

17 

in 

16 
|Q 
Ifl 

Ifl 



I n IIC. 

10.09143 
DtllW 

00341 

9*393 

ooitlb 
naia 

in ii 'Mir 
mn 

iim •:.-■, 

m mi 

■ 
■ 

10.09710 
19764 

n'i- — 

OVVl 4 

omi 

19011 
|9943 
I9M9 

i n h 

19131 
19147 

illl 

1119] 
10.1033a 

1": i 

10271 

U 

195* 

19 

1". ■ 

mi...; 

I'M ' 

USD 

|0 .. I 

II .. . 

Hid 1:. 
I ■.. . I 
10001 
1900 

I ii : i g 

. Ml ., 



or 


M. 




no 

V.I 


.43 

.4.1 


57 


41 


.4.1 

AA 

A'.'. 


55 

M 

53 
52 


,43 

,4a 

AA 

43 
,43 

.4:1 


51 
51) 

4y 
03 

47 

49 


.4;; 
a;\ 

a:\ 


43 

44 


13 


43 


r: 


43 

.4.1 

.4:1 
43 


41 

411 

:io 

IB 


4;i 
43 

.4;; 

Aa 


0] 
30 




11 

.11 
10 

20 


41 

43 


43 

,43 


2X 

27 

n 


,1:1 

43 


i:\ 


:'4 

'.'■; 


,43 


43 
03 
,43 

.471 
.4:1 
.43 


32 
Zl 
2 if 
IV 
IK 
17 
Hi 
II 


1 '■ 
.43 


43 


14 


43 


1.1 


43 


13 
M 


43 


Hi 


.1 ; 
40 


1 
B 


.4:1 


.43 


1 
& 

4 


43 


.43 


4.1 
.43 


3 
I 

1 
11 


43 


.4.1 


IT 








TAIJI.K IV.— I.rMJAItlllJ Mlc 



BiT 



>l. MM 



I 
2 

a 

4 

a 

1 

7 

H 



It) 

II 

13 
19 

ti 

15 
II 

17 

Is 
14 
N 

H 
U 

j.-i 

21 
■-'■■ 

13 
I 

n 

ii 
u 

94 
S6 
M 
VI 
U 
..■ 
•in 

41 

u 

44 
. 

Ml 
17 
48 
|« 
Ml 
.-I 
: 

i 

- 

M 

■ 

mi 



BUIHM 
M7I3 

Hv;:i2 
99742 

i . I 

BuTrtl 

Mini i) 

I 

wasti 

.-WIS 

■ 

.v.Hl.'.i. 
■ 

BUHL) . 

'.■mi i • 
WON 

VI Ml.' I 

IKK) i 
0094 ■ 

U I 

00072 

. 
■ ixi i 
mil it i 
""in 
00120 

•.in I 19 

VOl 'In 

90176 
001 01 

•mi i: 

'HI.'iM. 

00219 

i 

v i ■ :. 



ur 

o.i« 
.in 

.hi 
,19 
.lit 
.10 
.10 
.1« 

.in 

.19 

i 

Jit 
,10 
.18 
,11 
.10 
J ft 
.19 
,|B 

.in 
.Jl 
.l« 
.11 
.11 
,|l 

,14 
.11 

.18 

.ift 
.19 
,|fl 

.11 
.Ift 
,19 
.14 
|4 
.in 
.1)1 
.19 
.11 
.1(1 
.11 
.Ift 
Jft 
.11 
.Ift 
.1ft 
.HI 
.19 
.16 
.11 
-Ift 
-Ift 
.11 
.11 
.11 
Jft 
.11 
.11 
.11 

III" 



i . 



nun; i'.' 

IB74 I 

i»;;i 
I970I 
1 981 "• 
i ii - W 
I0B76 
lii'jnl 
tt&SI 
10964 

IO.IIWM 
M031 

i IflfiB 

I low 
1 1 1 in 
: 1 1 « 

I I lOfl 
1 1 188 
11211 

I i2ii 
i m.i i 'jr.; 

! ISM 
M91 9 
11945 
II 371 
LIWH 

I I 129 
11450 
11470 
11502 

10.11689 
I i.i.i 
i i;..*wi 
11407 
1 1033 

I 

| Jft . 
1)711 
11738 

I I 7'. i 

IO.U709 

IlKlft 
11*42 

1 |80il 

1 I -'.>.> 
1 1031 
I 1047 
11071 
13000 
. . ■ 

13079 
13109 

laisi 

12157 
121*4 
13310 
13330 

10.I22SJ 



u ■ 

.i i 

.i.. 

A.i 
.1 I 
.4.. 
.4=1 

A3 

.1 

.11 

.41 

.4-; 
A : 

.4 1 
44 
.11 
.11 
.44 
.It 
Ai 
11 
.41 
.11 
.11 
II 
.41 
.44 
.11 
.44 
.41 
.11 
.11 
.41 
.41 
.14 
.44 
.44 
.11 
.44 
.41 
.41 
.44 
.44 
.14 
.11 
.11 
.11 
.11 
II 
11 
H 
ii 
ii 
.u 
.ii 
.44 
.11 
,44 
.u 



ii. i 



I »|, HI |||' 



v.W2-:5 

00349 
00349 
0031 
00383 
00303 
■ 

Uil.il I 

00439 

00309 

0.00339 

im.;. ) 
00384 

00301 

00403 

WU4I3 
0i»4 24 

00443 
00433 
0O443 
0047J 

uiuow 

0U4OO 
OlI.'.IIV 

. 
9.90697 
00633 
04444 
00465 
O0J45 
00974 
04369 

00403 

.'"Ml 

ft .00120 

09684) 

09430 

00) : 

■. ro 

■ 
o.oo; ifl 

09799 

;>ii;.:t 
00741 
00 7 50 

■Ml. I v 

09771 

-. i 
OH 



Ihim 



0.10 
.10 

.10 
.14 
.10 
.10 
.10 
.10 
.10 
.10 
.16 
.14 
.16 
.14 

.in 

.10 
.16 

1« 
.10 
.10 
.16 
.10 
.10 
.10 

.10 
.10 

.i»t 

.10 
.10 
.16' 
.10 
.10 
.10 
16 

II. 
.1(1 

.16 

-16| 
.13 
,16 

.15 
.1 • 

.15 
.15 
|5 
.15 
.16 
.16 
.15 
.15 

.16 

.15 
.15 
.15 
15 
.15 
.10 

I ■ 

I I 

III" 



III 



M 



in 



H> 



.I21>'i 
1331 i 

1 29161 
13430 

12141 
18473 
moo 

I2j;h 

ISAM 

I •*<>;: I 
12351 

13710 
12739 

I27W 

12-1.. 

.13343 

1 2H04 
12W2I 

1204; 

ItOno 
I 1034 
13063 

I 1479 

13133 
13150 

1 l.'ii 
I 1238 
13264 
13201 
i . i| . 
13344 
,13379 

I .IV. 

I 1474 

1 4..02 

l I ■ _■■ 

I340P 

.1 1436 

13088 
13741 

i IA21 

i ■. - 1 : 
i .-. ; 



0.41 
.1 t 
.11 

M 

.44 

.ii 
.44 
.11 
.14 
.44 
.44 
M 
.44 
.44 
M 

.44 

■ ' ' 
.11 
.44 
.(4 
.44 
.J 4 
.44 
-44 
.11 

-i; 

-14 
.44 
.44 
.44 
M 
.n 
. 1 1 
.ii 
.n 
n 
. ii 
.44 
.44 
. ,i 
.44 

.44 

.ii 
.44 

.44 
.11 
M 

.11 

.ii 

li 

.44 

.41 

.44 

.It 

.44 

II 

.11 

II 

II 

11 



...I. I" 



:7° 



59 



50 

:>; 

5» 

51 

|| 

50 

l > 

4* 
47 

I • 
II 

19 

4 2 

II 

H 
I 
■ 

Of 

■ 
34 

■ 

01 

18 

tl 
04 

-'- 
■i 
39 

J 2 
21 

to 

19 

i - 

I I 
14 
19 
14 
i . 
Ifl 
1 1 
in 

« 
I 
I 

; . 
4 
I 
I 

I 





** 



SIXRi VM' i V^ 




rwv 



TAULK IV.— LiniAlUTllMir 



Mm-. I i»r t*ii j. i»r m. 



'.H 1*0 

'.'h.i 

BIMO 

si m 

U1UI7 
'.il i? ;. 
9IM4 
91941 

o.»ii»;»i 

UI059 

91 M8 
01976, 

9198ft 

92»M 

02UIO 

92 »■• 
92037 

i 03M& 
U2944 

94*40 

92 II ■" 
■■■_■ 184 
DIM 
921*2 

mil 

1,931 19 
D2I17 
9*114 

9*1 ii 

931 ■: 
Ml ft I 

■.•: 1 1! i 
'J2\ ; ; 

U'JINd 

V2IOl| 

■ 
022! I 

92237 
93289 

■ ' ■ 
1 

92302 

0231 1) 
9X31 s! 

■ 

■ ■ ■■ 



l» 



10 



I " 



I i 



,17101 
17120 
I71M 

1 1 1 u 
17210 
17*38 
1 7 3*0 

17 J'.'. 

17SI9 

17.117 

,17401 
1741* 

I74ifl 
17483 
17511 
I733A 

17 >3o 

17593 

i . ■ 1 I 
1784* 

l7<-7. 

II i II 

17730; 

17"j7 

1778* 

17813 

17B3S 

17907 

I ; - u 

17*41 
17977 

18*04 

l ■ I ■-' 
18059 
18087 

I'll! 

18143 
181*9 
181*7 

is j..' 
18X71 
18807 

I--;:, 
i ■ 

18417 
18141 
18473 

1830 i 

i - ■:: 
1855 

IB6I0 

18**0 

18721 

IM71K 



ID. 17 



0.15 

.1' 
.-15 

.46 

I 

■ 
,46 

.41 

.40 
.4-1 
.40 

u 

,40 

.40 
.40 
,40 

.40 
.4** 
.40 
.46 
.40 
.40 
,40 
.I 1 
,40 
.40 
.40 

.1' 
.40 

.40 
,40 

.!<■ 
AM 
At 
.i». 
At 

.4'. 

.40 
.48 
.40 

.40 

.m 
.40 

.41 

.40 

■ i 
.46 

.41 
.40 

.41 

.40 

.hi 

.40 

A* 

16 

,40 



Oiliicf i' 



M, EttRC Hi" Tune. W I 

1.0 

.v.. 
08 

M 

A 

••■ 

-i 
M 

1!' 
IM 

17 
|* 

I • 



IU. 18748 
18770 

i >.-,.: l 
18858 

Ih887 
1>'.'I I 

1 99 1 1 
18*70 

189*1 
19015 

pi 1*0 .. 
I M8| 

|*10fl 

1*130 
1*104 
1*19* 
19211 
19243 

■ 

■ ■ 
|**80 
19414 
19449 
[941* 

!•&» 

iv.,...; 
. 
10.190*9 
1 9*31 

19003 

mvA 

1973 

1*771 

1*0 12 

198*9 

■ 

lOOIfi 

L9071 

I 

19061 

20112 

'-'( 

I0.I0H - 
MlM 
1*22 i 

19300 

Ml : 

■ 



II 

.u; 
.if. 

.40 
,40 
.p. 
40 
.I" 
41 

.41 
At 
.40 
10 
.)■■ 
,44 
.u 
At 
A* 

.41 
.40 
.44 
.41 

.Id 
.11 
.; . 
.40 
.1 I 
.47 
.17 
.4 7 
.17 
.4 7 
.47 

.i; 

.17 

.t; 

.17 
.47 
.47 
.il 

.17 
.1, 

a; 

17 
.47 
.47 
.47 

.17 
.47 

.47 
.17 
.17 
.17 
.17 
.17 



I 1 " M. 






:t;t 



■ 




i ■ I ffflKNTK. 



59 



• 


. 


I 


91*59 


X 


MttB 


s 


MM 


4 


Mm 


5 


■ 


8 




r 




s 


0*905 


9 


una 


10 


t»ZV21 


M 




IS 


9*93*1 


u 




M 




IS 




10 




17 


9197*1 


1- 




ra 


• 


211 




21 




21 


1341 1 


■_". 




14 


930.1U 






II 


939441 


n 


. 


2* 


930(1 1 


IB 




30 




SI 


■ 


31 


| (991 


■ • 


«.1HK> 


.14 


•3 1 1*9 


35 


9-1115 


36 


MISS 


n 


1 






n 




in 


91154 


41 




43 


■ 


43 


WIT1 


44 


- 


45 


9:1 192 


4rt 


93700 


47 


ftSStl 


4-> 




40 




;.(l 




■ 




■ : 


9.1?4*l 


53 




-•1 


nan 




HMO 


u 




..; 








so 


MtM 


OQ 


9:13117 






II 



K, , CmIu*. 



in* 



1 



M. 






I'l 



N, 






10.3212.1 
S2J0B 

m 
mw 

32;i52 

tan 

22403 

IMS} 
DIN 

ISM 
19610 

22(11 H 
tSBM 
IMlW 

22*12 

ISSN 

LMftO] 1 

tsou 
nm 

ssioi 

SS159 

ssn r 

11 

533*1 

23449 

5:U7* 

1 

33739 
23T00 

■ 



34° 



>; 



iW 



TAiU.K IV.— l.OiiAIUTHWlC 



«I 






'i 



BHlfl 



BST60 

ui;^ 
W7TS 
03782 
B3TS9 

93797 

•I HU-1 

03310 
03441) 

80863 

B38T6 
93891 

03912 

03927 

"tf.lil 
03948 
'.' I »■ 
HB61 
93BT4 

'.r.i-: 
93991 

M 4 

04020 
94931 

041)34 

■umi 
» ,94048 
91055 
91062 
94069 
04076 
04083 
04000 

94105 

94111 

O.Mllf 

v 1 1 N 

04133 
04110 
94147 
fl 1 1 :. I 
g i n> i 

941 60 
tt-IIS'J 



pr 



i 



1.13 
.11 
.13 

.12 
.13 
.13 

j a 

.12 
.13 
,13 

.12 
.13 
.13 
.12 
.13 

.12 
.12 
.13 

.t:' 
,13 

.12 

.13 

.n 

.12 
.13 
.13 

.13 
.13 

.12 
J 3 
,13 
.13 
.13 
.12 
J3 
.13 
.13 
.13 
.12 
.13 
.13 
,13 
.12 
.13 
.12 
.12 
.13 
.12 
.12 
.13 

J 2 
.12 
.12 
.13 
.13 
.12 
.12 
.12 
.12 
.12 



Hi" 



Tunc. I vr 

■ 
15944 

210112 
24031 
24061 
34000 
2411V 
24148 

10.241 li 

24207 
2123"' 
212-;.. 
2429* 
21.12) 
24 1.:; 
24383 
24412 
24442 
L0.S44T1 

2 I '.'»n 
21 iM 
24559 
MWI 

210 IS 

2i ,i; 

24177 
HTM 
14736 

LO.84T0S 
21795 
34934 
24354 
M M ■ 
24013 
34943 
24072 
:j ■ MS 

2509" 
35120 
33149 
25179 
SUM 

in m 

25298 
2529K 
25327 
10.25357 
25387 
2S417 
36444 
25476 
S5S04 
2*539 
■ 

I 41 ' 



ii. Lfi 

.49 
.!'■' 
.I' 1 
.49 
.43 
.40 
.49 
.49 
.4 V 
.49 
.19 
.49 
.49 

.4y 

.49 
.40 

.40 
.40 
.49 
.49 
.40 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.40 
.49 
.49 
.40 
.49 
.50 
.5(1 

.66 

.»» 
31 

.50 
.56 

. 



K. 



i . in" 



■0. 



Slit* 



PI 



M 



0.04 1 82 
B 1 1 BB 

04106 

I4J9I 

04310 
94217 

¥1221 

94231 

04234 

04245' 

94252 

0.04250 
'J42f.rl 
94273 
91270 
042H6 
04203 
91.300 
B430T 
v 1314 
94321 

0.94.12* 
94335 
94M1 
91349 

94863 

HSTO 
94383 

94 3W 
9.94099 

9il»l 
9441 II : 
91417 

91121 
04431 
?n:;- 
94445 
04451 
04458 
0.94465 
01472 
9117'.! 
94485 
044O2 
9 1 \W 

9-1 MM 
04513 

Mno 

BifiSC 
B.9463S 

04540 
9454* 
01553 
945*0 

94567 

■ 

04587 
91503 



UmIml 



o.l* 
.13 
.13 

.12 
.12 
.12 
.12 
.12 
.1* 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
-U 
.11 
.11 
-II 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.It 
.11 
.11 
.11 
.11 
.11 
.11 

HI" 






SttM 

25714 

2.-': ii 

25804 

25H34 

35803 
25023 

SfflN : 
36043 
36073 
26 1 113 
201.13 

26103 

26388 

36373 
264113 
26433 

2< Ii.'. 

3649JB 

26524 

• 
365R4 
26614 
26644 

36674 
» :.. . 

:v:.:. 

W 7'i | 

36818 

2691* 

MOM 

won 

2 7 in; 
371 17 
17008 

2.' n 
n in 

■ 

17830 
I73M 

27280 
I7J11 

11 ii 
27372 

2; 102 
27133 



■ 



DT 



'I 



.69 

.50 

. .ii 

. D 

.511 
..»<» 
.50 
.'.it 
. ,ii 
.-,■• 
M 
,D 
,34 

,1 

. -ii 

.M 

,n 
..ii 

IB 

.50 

-.,» 

M 

.;>'i 
. ,ii 

.50 

.50 

..HI 
...ii 

M 

...ii 
. M 
£0 

.50 
.50 

...l 
.51 
..M 
.51 
.51 
.51 
.51 
.51 
.:.l 
..'■I 
.51 
.51 
.51 

.51 

V? 



60 
M 

R 
N 

►4 

...1 

S3 
51 
M 

IV 

ia 

IT 

lu 

16 
M 

13 

II 

10 

99 

AX 
.17 

M 
U 
14 

I 
:l 
|Q 

20 

n 

27 

90 
IB 

M 



■J'J 



5s 






Mil"-. 
95373 

ia ra 

owni 

95397 
9 i 109 

■ ; I 
9..41A 
' 481 

8.95434 
B544U 
03440 
95462 

I : 

»..4;n 

06489 

g i-- 

B 1 1 

I |Q 
03535 

16331 

is m 

96543 

0.95556 
95501 

■ 
P ,7'. 
■i ..i 

noes 

05591 

'i ., i . 

0.66616 

■i 

9 027 

05630 

I M I 
15651 
66667 

I 66 I 

•0008 

9; (WD 

03686 

■ 

15008 

y 5704 

»ni 

■ . .- 
9.-723 

■ 



0.10 
.10 
.10 

.10 
.10 
.10 
.10 
.10 
.10 

.111 

.10 

.10 
.10 
,10 

10 
.10 

.10 
.10 

.10 

,10 
.10 

.10 
.10 
.10 
.10 

.10 
.10 

.10 

.10 

.10 

.10 
.10 
.10 
.10 

.10 
.10 
.10 
.10 

.III 

JO 

.1 1 

.10 

.10 

,10 
.10 

-111 

,10 

10 
.10 
.10 
.10 

.10 

.10 

.10 
.10 

.10 
.10 
.10 

,10 

.III 



T»u«. it 


M. 


H 



1 


aiw, 


10.31 Ittf 
*I3H 


.33 
.53 
,M 
54 
M 
.04 

..'•4 
.54 

,64 
.54 
.54 
.54 
.51 
.64 
.54 
,54 
...l 
.64 
.54 
,84 
64 
...1 

.54 
.54 
.54 
.54 
.64 
.54 
.54 
.54 
.54 
.34 
.54 
.51 
.54 
.54 
.54 
.54 
.54 
.54 
.61 
.55 

Kit 


O.O .798 


BUM 


56 


2 


95739 


blbsb 


..: 


8 


05745 


sisio 


:,'. 


1 


y575l 


81648 


65 


5 




BUM 


64 


6 


857M 


31407 


53 


7 


05769 


31448 


U 


8 


v;>r:6 


31471 


51 





05788 


SIMM 


Mi 


10 




10.31 i fi 


49 


11 


'.1 057M 


31608 


4h 


12 


057 9B 


31600 


47 


13 


05*94 


BUSS 


!.. 


14 


05810 


BIMI 


•l.i 


15 


95S15 


:.Uiivr 


4» 


Id 


95831 


B1798 


i:: 


17 


B • ■. 


31701 


42 


I- 


Dsasi 


31TM 


41 


18 


B - 11 


81886 


40 


30 


05844 


■ 


■:■ 


21 


1 05BM 




88 


V"J 


M.V.I. 


:i t ■-•-:■■ 


37 


28 




3I95K 


::>. 


24 


05m.:k 


. 


35 


SB 


98873 




81 


20 





■ 


3:1 


27 




5*035 


33 


28 


95891 


81118 


:*l 


20 


0589? 


33100 


SO 


ao 


BfttOO 


10.82183 


20 


81 


y.o:..»»>- 


una 


2H 


BS 


95914 


31246 


n 7 




liv.i.'ii 


BSS81 


86 


:u 


O5025 


83318 


25 


SB 


05931 


83346 


VI 


;'.(» 


■6881 


83878 


■:.'■ 


BT 


06942 


19411 


IS 


88 


85948 


B3444 


21 


ao 


B50M 


S2476 


211 


40 


85960 


. . 


10 


41 


9.05965 


11349 


I- 


OS 


■ 


89674 


17 


43 


95977 


32607 


,o.» 


10 


44 


05963 


1*4 to 


.55 


(6 


1 ■ 




Slfttt 


.55 
.55 


1 1 


10 




1170 i 


u; 


17 




31738 


■ 
v. 


12 


18 


■ 


32.*. 1 


..»» 


11 


40 


Ofton 


1 


S i 
■55 


10 


50 


90013 


1 


8 


51 


1.04913 


13860 


.55 

.55 


K 


u 


W.02S 




7 


38 


1 




11 


.'.4 


'. 




.55 
.55 
.55 


5 


65 


B6040 


33001 


1 


56 


•_w\ ,u 




3 


:.r 


Bftoa 




3 




■ 


| him 


.55 


1 


60 


9rt«l67 


0,83] ■ 


U 


fill 


\i...... 


i ■ 


l»l* 


II, 


>r. 


1 



IT 

0.10 

-HI 
.10 

.10 

.10 
.10 
.10 
.10 

.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 

.10 

.10 

,10 

.1(1 

.10 

,10 

.10 
.10 

.10 
.10 

.1" 

.10 

,10 
,10 
.10 

.10 

.10 

.1(1 

.10 

.10 

.10 
.10 

,10 

,10 

.10 

.119 

.00 

.00 
J g 
,00 

.00 
.69 
.09 
,00 

JO 

.09 
.09 

Bfl 

.09 
.09 
.00 
.09 



T.tiiir I>r 



331661 
3i 199' 

33.t:il 
83364 

8 

88i .' I 

83701 

1 

68804 

BSBN 

-14(1(1.1 

BOON 
84180 

841*7 
64868 

■ 

34297 

S4S64 
84388 

844U 

34500 

84703 

l 4 

84871 
84864 

841186 
840T1 
x I 

IM74 
15108 



0.64 

I 
. ■■■ 
.66 
.65 
.66 
.66 
■■■ 
.66 
.51 
.66 
.66 

.56 
->■ 
.55 

..... 

.56 
.66 
.56 
.56 
.56 
. 16 

.56 

.56 
.66 
.56 

...('■ 
.60 
.66 
.56 
.66 
.,- 

.56 

..- 

.56 
.56 
,64 

. 4 
.56 

.56 
.66 
.66 
.56 

.56 

.67 
.5- 
.57 
.57 
-57 
.67 

(it> 



10 



J.i 



~* 



BINES AND TAX*.'KN*TS. 



at' 




TAUi.E lY.-l.»n;u:miMir 



9.99717 

00727 

90717 
88758 

'.<;: : .; 

96702 

8.04778 
98778 

8088 I 

■ 
MSI '. 
908 M 

98828 

WWII 
'.'ti-UN 

986 . -. 
088311 
U0463 
88888 

►,90873 

wwrj» 
gsssa 

90883 

88888 

BBM7 

969 1 2 

'J . :i I 7 

9.98923 
9809J 

•sni 

98931 
MM! 

06947 
96952 
989*1 

98984 

9.96071 
91971 

UftKHl 

N984 

06091 

mooo 
97HI 

;i:<n>;, 
07010 
97015 



l>. 



0.08 

.88 

.91* 

.oy 
.o« 
.9a 

.08 

.99 
.88 

.98 
.98 
.08 
.98 
.":« 
.1)8 
.98 
.98 
.08 
.08 
.08 
.08 
.08 
,98 
.06 
.us 
.98 
.08 
.08 
.08 
.IKS 
.08 
.08 
ii- 
,«fl 

«H 

.08 

.ii- 

M 

.Oft 

.08 

.on 
,98 
.08 
,Bfl 

.Oh 

,08 

.08 
,98 

.«fl 

.OH 

.08 
.OH 
DG 
,0fl 

.08 

.DM 

08 

.06 

,08 
,08 



M. L'MlHt, IH" I'mipv, 



PI* >l 



88898 

39432 
3046S 
NAM 

39541 

304 1 4 

lent .i 
99061 
80724 

10.39760 
30797 

-•4907 
19941 

39081 

40017 

411051 

49091 

10. 10188 

4111H. 

•nou 

40238, 
1921 I 
40312 j 
40341 

40386 

lill.'. 

48488 

19,404 H 
40534 
40571 

1 ' 

40041 
00881 
40720 
407*7 
41)705 
408.1: 

19,40861 
I00M 
10944 
40981 

II9II 

4195ft 

41991 

41131 

•41168 

4120ft 

10.41243 

112^1 
41110 
41 lift 
41394 

II HI 
41469 
41507 
41545 

lis; 



0.61 
.01 
.01 

.01 
.01 
.01 
.01 
.81 
JBI 
.01 
.01 
.01 
.01 

/•I 

.61 

.01 

.01 

.61 

.01 

.61 

.61 

.81 

.01 

,08 

M\ 

.02 J 

.62 1 

.62 
.62 
.'JJ 
.62 
.62 
.62 
.63 
.A3 
.62 
.62 
.62 
.02 
.62 
J'<2 
.OS 
.62 
.62 
.62 
.62 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.6.1 
.63 

.fl;t 

.6:1 
.63 

Th- 



ai 

~o 
l 
I 

3 
4 
& 
I 

7 

B 
9 
in 
II 
12 
11 
II 
15 
10 
17 
H 
IH 

89 
91 
II 

28 

24 

88 

1 7 

Js- 

29 
■ill 
■ tl 
'.' 

u 

84 

IS 

:trt 
37 

18 

in 
41 
U 
43 

II 
45 
46 

I. 
4H 

40 

M 

ji 
,2 
18 
M 
U 
18 
57 

M 

19 

89 






i', 



y.y."i/i.", 
07030 
07025 
97030 
97035 
97039 
97044 
07040 
97054 
97059' 

orooi 

9.87088 

87878 

97078 
97 OKI 
97081 

97092 
97097 
9TI01 
9! 107 
87111 

v.oriio 

07 121 
07120 
97130 
07135 
07 UO 
0714:. 
871 10 

07154 
V715W 

9.07103 
97109 
97173 
97I7S 
071*2 
97187 
97192 
97196 
072O1 
97206 

'.t.','72H 
97215 
07220 
07224 
V7220 
87884 
97238 
97248 
07248 
97241 

9.97257 
97202 
97188 
97271 
0727rt 

97880 

97285 

07881 

97294 

97290 






10.41^82 
4182U 
018U 

41600 

oi ru 

41771 
1 1 M>y 
41847 
U888 
41023 
|| Ml 
19.41999 
48913 
62438 

42113 
1 E| I 

12204 
88804 
18841 

424S9 
18401 

18481 

48873 

8801 

42649 
42088 

42720 
10.48788 
4 2 MIS 
42842 
18088 
42919 
4295K 
42990 

1801 1 

43074 

43113 

10.43151 

43IW0 

48888 
48888 

I 

•':* i«». 4. mi 



o.od 

.08 
.08 
.08 
.08 
.08 
.08 
.08 
.(IK 

.oh 

.98 
08 
.08 

.08 
.os 

.OS 
.08 
.08 

,08 

."" 

.UN 

,08 
AG 

.0- 
.0* 

.08 
M 

.IIH 

.08 

.OS 
.OS 

,98 

.0- 
.ti^ 

.IM 

.08 
M 

M 
,08 
J>8 

.08 

-OH | 
.08 i 
.08 1 
,08 



41(0 1 U 
43658 
4::607 

■ 



>l. t(»-iiii'. |H ' Comity. 



I or 

■ 

.03 

.<■■ 
.•:■ 

.88 
,88 

,63 
,03 
.84 
,04 

,04 

.1.4 

.' I 

.04 

.M 
' i 
| I 
,84 

,84 

."4 
,04 

.'■l 
,i.t 
84 

,|.l 

.01 

i.i 

.01 

,84 

.01 

JM 

jto 

.88 

.05 

& 

.03 

JS 

.1., 
Jfl 

.85 

.n, 
.n.» 

.65 
.65 

.05 
.05 
.05 
.05 

or 



59 
88 
57 
M 

54 
M 

S2 

51 
50 
40 
48 
47 
4ft 
45 
4-1 

12 
41 

4« 
39 

38 
37 
3ft 
35 
34 
S3 
83 
31 
30 
29 
28 
83 
2fl 
25 
-'l 
23 
22 
21 
20 
IV 
18 
17 
10 
10 
14 

18 
12 

ii 

10 

9 

A 
7 
A 
& 
4 
I 
2 
1 









ar 



>,: 



M 



BINEfl ,\\D TAN0ENT3. 



71 



I 



M. 



II 
1 

s 
I 

4 
I 
I 

7 
8 
I 

10 
I I 
II 

19 

u 

Id 

I.'. 
17 
18 
II 

:»n 
II 
n 
n 

:i 
U 
M 

n 

» 

29 

;:»i 
SI 

.;■_' 

r.l 
U 

n 

IB 
.'j 
46 

41 
4.i 
(I 
45 
46 
17 
I- 
40 

H 

■l 
U 
13 
M 
Bfl 
M 
B7 
H 
M 
M 



94)7391 
97891 

B7S11 

gnu 
mu 

97JS0 

97U8 

97344 
| 97341 

RIM 

073«:t 

97*07 
07374 

u;;i«i 

97390 

J.viTfJ i 

07191 

mo; 

07IOK 
97412 
97417 
U71-1 
97420 
97494 

1.974 l« 
97444 

9744* 

U7i5:i 
974 rt 
97401 
9740* 

mn 

9741 I 
97478 
1,07484 
W74K8 
97491 
97497 
97501 
97506 

'.•;■' i ■■ 

97 ,1" 

97988 

9.9742* 
97513 
■ 
9754 1 

97 '.■! 
v: .. - 

97467 



I-..-M,,- 



II. UK 

.93 

,98 

48 

J98 
.91 
48 

.os 

48 

,98 

■ 

48 

.OH 

,98 

48 

.(is 
.OH 

.07 
.07 

.07 
.07 
.07 
.117 
.07 
.07 
47 
.07 

41 

.07 
.07 

.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
41 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 



or 



1049891 

49971 

noil 

44U5I 

4 4UV0 

i UN 
44169 

44209 
4424-t 

( ON 

44107 

444H7 
I lu- 
ll |v, 

i UM 
145*0 
44095 
44044 

Mti 

in ii;/. 
44705 

44845 
•I 1891 

ii.'.: ■ 
14941 
ttSH 
45045 

In 15114 
45165 
45200 
4SM4 

45240 

lam 

19991 
4*491 

4544* 
4.-4 *« 
10.4552'J 
15MI 
45010 
44644 
45091 
457.11 

am 

1991 I 

■ i H H 

45975 

-I -I'M U 

460*7 

irtii i- 
401311 
401 »o 

4022) 
4630.1 



IN* 

0.66 

.1,1, 

.00 
.00 
.46 
.04 

M 

.60 

.r.o 
44 

.00 
.04 

.04 
.-'.I, 
.04 
.SO 
44 

.00 
.00 



,47 
.41 
41 
47 

.il7 

.41 

.07 

.''.7 

.97 

41 

41 
47 

.07 

41 

.07 
.07 

.07 

.97 

.Ah 

4t 
49 
48 

.48 
48 
44 

.0^ 
-OS 

48 
48 
,48 

.Ok 
48 
48 
.98 



D ' 



ur 



v;o7i 
97674 

y::>sj 

17498 
97491 
97801 
97601 

97010 
9.97015 
974111 
97611 
97023 
97632 
I76M 
97440 
97045 

9796 I 

.i ■ 7...; 

970021 

97074 
87479 
97668 

97681 

97491 

9t68 1 

9.9770(1 
97794 
97704 
97711 
97717 
OTTO 

9771 i 

97729 
977,14 
97738 
9.97712 
97740 
97744 
97754 
9775V 
97704 
97767 
97771 
97775 

97778 

9.077H4 
97798 
97791 
97798 

97800 
978(14 

97619 
97817 

87811 






0.07 
.07 
.07 
47 

.117 

.a! 

.117 
.07 

.11 7 
.07 

87 

.07 
.07 
41 
.07 

.07 

.ilT 
.07 
.07 
.07 
,97 

.07 

4T 

.91 

.07, 

.07 

41 

47 

4T 

.07 

.'I" 

47 

.1)7 

.97 

41 

.07 

H7 

,01 

.07 
J'7 
.07 

.07 

,07 

41 

.0 7 

,07 
.01 
,01 
.07 
,01 
.07 
41 

.07 
.07 
41 

.07 

.07 
. i 



I IN . 



Kl' 



46844 

4fl;t*i 
II 118 
46467 
14696 

4A05O 
40591 
400.12 
40471 

44716 
14 141 ■■ 

407fte» 

H'.sMl 

47991 

47047 
47086 

47)80 

10.47171 

47118 

i 1 1 ■ '• 
47297 
479*0 
47360 
47422 
47464 
47500 
47548 

47074 

mn 

47?:.* 
47608 
47841 

47885 

47027 
47909 
10.4*012 
4 MM 
48097 
48189 
48181 
4*224 

48600 

48*52 

46994 

10.46417 

48968 

18668 
4*051 
■ 
■ 
48779 
48811 



I- 



O.f-8 

.08 

48 

■ 

.ou 
,69 
.60 
.09 
.09 

4 
49 
.88 
41 

J 
48 

.09 
.09 

40 

.00 

49 
,68 

,T8 

.7" 
.70 
.70 
-7o 
.70 
.70 
.70 

,f8 

7o 
.70 
.7o 
,7o 
.70 
.70 
.70 
.70 
.70 
.71 
.71 
.71 
.71, 
.71 1 
.Tl 
.71 
.71 
.71 
.71 
.7i 
.71 
.71 
.71 
.71 
.71 
.71 
,71 

.72 

.71 



Oitrntf. \i\" | U 



w 



taulh iv.— lo;a:;itiimio 



7S< 



K" ! ■ ■ hi" SI. V. , fctlw l-r T«i.ii. I !<.' 



u. 


■ ■ 







I 




3 




;i 




•i 


i 


5 


■ 


1 




7 


97H49 


a 


■ 


V 


' 


id 


07801 


ii 




\% 


07870 


13 


07874 


li 


07878 


i i 




in 


07RM 


17 


•71m 


1 


o; h 


19 


■ 


30 




31 


0.97*00 


22 


07010 


2:i 


07014 


24 


07316 


25 




n 


07094 


11 


b; '.' n 


28 


■ ■ 


29 


071 - 


H 


B 1 v 1 1' 


01 




OS 




n 


B7I .1 


.■■■1 




u 




38 




37 


B7B7U 


» 


■ 


39 




40 


07082 


41 


■ 


42 




A3 




N 




«a 




u 




47 




48 




40 


08017 


so 


IKliyi 


si 


B.BMS 1 


52 


08029 


• ■• 




.1 


1-11 1". 




B8040 


.... 


a 1 n 


57 


BB04A 




■ ■ 


60 




M 




M. 


r..«iiM 



<U'7 

,W 

.117 
.07 
.07 
.07 
.07 
.07 
.07 
.07 

.0 7 
.1 7 
.17 
.07 
.07 
.07 
.113 
.07 
.0 7 
.07 
.07 
.07 
.07 
,07 
.07 
.(.- 
.07 
.('7 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.n7 
.07 
.07 
.07 
.07 
,01 

.07 
.07 
.07 
,07 
.07 
.07 
.117 
.07 
.07 
.07 

.ml 

on 
.on 

.0,1 

.<'■'. 

.0(1 

.on 
,06 

rip 



1- I 

-I- N - 

4HBB1 

■ 

4'.» 1 il- 
ium; 
402 1 1 

LMU2I7 

49384 
IV4SB 
41)17 L 
49 J 1 8 
405611 
40003 
40043 
4iinsv 
10.48730 
W7T1 

4. 1 -Vii 
00804 

4'|..Mi-- 

4tt»i2 

I .■■-, 

, f 411 

&IH3N 

ti.Mua 

60210 

5WMI 
&1M04 
60348 
5(130 1 
60481 
& 1)481 
60534 
50670 
10.50615 

5117114 
60748 
607OJ 

M883 

B4B7I 

,111 n. 

10.51001 

51151 
M1M 

ft 1241 

512811 
51331 
■ 
BUS I 

51 I"! 

r..i«im. 



0.72 
,73 
.73 

.72 
.72 
.72 
.72 
.72 
.72 
.72 
.7.' 
.72 
.73 

.7. 

.~~ 

.. 

.'■-'' 

.;■ 

.7.1 
.7;i 

,7:1 
.73 

.73 

.73 
.7.; 
.7.1 
,M 

.73 

.7.; 

.7 1 
.71 
.74 
.74 
.7 1 
.74 
.74 
.74 
.74 
.71 
.74 
.74 
.74 
14 
.74 
.71 
.79 

. ;.. 
75 
.75 
.75 
.7 1 
.75 
.75 
.75 

;.. 
.75 

.75 
p? 



M 


' ! 


flu 





5'J 


I 


58 


3 


57 


3 


"in 


4 


hj 


5 


54 


A 


Bl 


7 


52 


8 


51 


9 


50 


10 


41) 


II 


48 


12 


47 


11 


4H 


14 


45 


15 


44 


in 


43 


ii 


a: 


in 


41 


iy 


4il 


20 


39 


21 


3H 


S3 


37 


13 


.11 


24 


35 


25 


SI 


n 


33 


27 


32 


28 


31 


20 


M 


30 


2D 


11 


28 




27 


33 


2ii 


34 


25 


35 


2-1 


10 


2.1 


37 


22 


16 


21 


30 


M 


40 


ID 


41 


In 


42 


17 


43 


in 


41 


10 


43 


14 


41 


13 


47 


12 


48 


II 


49 


10 


50 


V 


51 


H 


52 


7 


53 


A 


51 


5 


53 


4 


56 


3 


57 


2 


38 


1 


39 


H 


Afl 


M 


M. 



■ 

98071 
96075 
98079 
98083 

o.-o-*r 

. 

(,-H'U 

■ 

lis I HI 
93113' 

osiit; 

B812I 

98125 

9M '.'■ 

B.eauo 

D81 II 
08141 

B815I 

P8| I 1 

B81 ."-I 
0.88177 

981 fit 
118 1 86 

B8IB3 

OKILHf 

08203 

08204 

9H2II 

08SLO 
08233 

08123 

9M'J37 
B834I 

B8244 

B.0B251 

98255 

'.-:!:>■• 

9*2112 
9825A 
98270 
'. 831 ' 
' 81 
06281 



o.nn 

.11*. 
.00 
,#1 
,01 
.00 
,01 
.it- 

.(IA 

.«»'■ 
,(),. 
.Ill', 

.111. 

.11.. 

M 

.or. 

.Mi. 

.lid 

.III! 
.Ill, 

.OB 

.on 
,16 

,0« 
.in. 
,|| 

.in. 
.Of. 

.Ill, 
.lit, 

M 
,00 

M 

.IH. 
.110 

.on 
.01. 

.Ofi 

.III 
.lift 

.04 

.IK. 

.01 

.III 
.on 

.on 
in 
.in 
.in 
.011 
.in 
.0(1 

ji 
.n« 
,M 

,04 

"hi" 



10 



10 



in 



h' 



10, 



,l 11 " ' 

61*102 
H047 

5169:* 

I 1 B2B 
61871 

51920 

5201 1 

62103 
631 10 
53104 

. 2421 
62470 

: , , .\in; 

. 

62808 

62701 
52747 

62031 

■ 
5:t212 

03440 

6M34 

53870 
6391ft 

64108 

5415:. 

5420.1 
M250 



i 



.74 

.74 
,t4 

■ 
.TO 

.7»: 

JO 
JO 

.TO 
.TO 

.7'- 

rn 

,U 

.70 

.7; 

,1 

■1 < 

."■ 

." ■ 

.'■ ■ 

.77 
.77 

.": 
A 

. i 

.77 

.:: 
.1 

.7 

. 

.;-■ 
.:- 

.TO 

.7' 

.TO 

.:■ 

.;•• 

,70 
.70 

.79 

,TI 

.TO 

.TO 

.TO 

. 

JO 

.73 

.TO 

.70 



i>- 



ml 
69 
68 
ft} 

5i* 
5- 
54 

BOJ 
62 
51 
5ii 
40 
08 
47 
40 
45 
41 
4 1 
42 
41 
40 

n 

33 
37 

30 
35 
31 

31 

si i 
2.i 

27 

25 
M 

H 
22 
21 
3') 

It 

IK 

17 

in 
16 
M 
13 
U 
II 
ID 
9 
8 
7 

5 

4 
3 

2 

1 
11 






ir 



M 



!•- 



TO 



TABLE IV. L0OARIT1IMI0 



7T 3 



M 

9 
I 
I 

s 

4 

6 

6 

7 

B 

9 

10 

II 

II 

IS 

II 

IS 

M 

I. 

H 

tg 
u 
II 

» 

21 
z:. 
H 
*r 
:m 
•j I 
BO 
51 
S3 

■ i 
... 
[| 

.17 

L1 
M 

•li 

U 

1 1 
ii 

4« 
47 
48 
11 

>9 

,.l 
■-■ 
i9 
H 
.3 
,t 
• ' 
i8 
it 
r,n 



0*«li7 
99700 

.'- :-"■ 
WOO 
9*712 
087 15 
98719 
I 
V. 98 7 as 
98798 

98707 
98740 

9874.1 

98740 

■ 

98788 

I) >< - 

18774 

■ 

9*7*9 

99701 

9h79.'» 

16798 
98801 

98807 

981919 

3.98818 
98819 
9 - B23 
98833 

98831 

m. • ;i 

98.840 

0.98H46 

98835 
98883 



W i 



'',.«! fu- 



ll .05 
,08 
.05 
.OS 
,08 
.06 
.Oft 
.09 
,08 
.u;» 
.09 
.05 
,08 
.».'. 
.OS 
.05 

.115 
.05 
.08 
,06 
.09 
.05 
.05 
.05 
.09 
.05 
.05 
.ii » 
Aft 
.05 
.05 
.»;, 
.05 
■ » ■ 
.0.. 
.05 
j'. 
,09 
,05 
,06 
ii . 

.05 
.05 
.OS 

.11 . 

.Oi 

,99 

.n ;, 
.05 

.05 
.»:. 
.<»■. 
.(). 
.09 
M 
jr. 
.09 
.06 

hi' 



L0.0091 I 

own 

B04-1I 

n >!-.. 

8HIU7 
0H7U1 

■ 
80S ID 

■ 

niovh 
81081 

n i i ■ ;■ 

81193 

81 ill 

10,81 108 

GloSI 

BI&79 

0ic;i2 

610*7 
81 MS 
91788 
81868 
81000 

10.02020 
8H79 

. 

621H8 

in it 

82300 

■ ' 

82411 

(52108 
89891 

10.026HI 

■ 

»M1 : 

82760 

02807 
62W63 

I1OT7 

630.14 

8:;u9i 

10.08148 

81309 

f.wu 
0331 a 

68.170 

II4M 

6:t401 
6384K 
IM08 






M" 

0.90 
,M 
DO 
.00 
,80 
,00 
90 
,90 
,01 

.01 
.91 
.91 
,91 
-91 
.91 
.91 
.91 
.91 
.92 
09 
92 
,99 
.02 
.... 

.92 
.99 
.92 
,98 
,09 

.93 

.08 

.9;* 
,09 
.93 
,U4 

,94 
,01 
.04 

■ 1M 

.01 

.94 
.94 

,06 

.95 

.09 
.v.". 
.09 
.95 
,ffi 

.9;. 

.99 
.08 

.9*; 

.90 



a 



96*75 

UBB8 1 
08994 

98999 

■ 

98907 
VKlll II 

BflBSl 
08001 

980X0 

98941 
98944 
98041 

VHU5U 

989M 
06951 
09999 

9.08901 

98901 

98 1109 

OS97J 
94U7K 
08980 

90991 

09005 
099 OH 

99011 

99019 

'i ■ 

994 1 
90009 

11.1,1:1 

99027 

.,...,.,■■ 

99040 



I i»r 

11.05 
.08 

I .05 

-04. 

I .05 
.06| 

.#a 

.no 
.99 

.(i ■ 
.(i.-. 
.li', 
.O.i 

.09 

.('.'■ 

.it:"* 

,99 

,06 
.08 

.i»5 
.o; 
,9 
,99 
,99 
,99 
B 
,99 

.«:• 

,0 

,06 

,06 
1 

.09 
.09 

j B 
,06 
.1 6 

.lift 
,08 
j B 
48 
,08 
.05 
,06 
.08 
4)9 
,09 
.9 . 

■ 
.06 

.05 
,06 

04 
.(ii 
.114 



|.l" 



hi" 



LO.0 004 

03779 

63968 
f I'M 1 

84008 
8419 
84186 
84249 

f 1410 
fill? 7 

64509 
84069 

I |Tl| 

I 1771 

84KW 

619IH 
6. SI HI H 

89O0T 
45186 

I 

■ 

i I I BOM 
05544 
■ 

65604 
65724 
96791 

■ 

9 Ml 

lino in 

601 11 

I 

«6:»»l 

66451 

m. i,i. , .; 
00790 
flfl«20 
■ 
90949 

I i 



0.91 
.96 

.98 

.91 
,91 

,91 

. 

.97 

.91 

.91 
.98 

.98 

■ 

.98 
.98 
,06 
.98 

.98 
.98 
.99 

.99 
.99 
.99 
.99 
99 
.89i 

I llll 

|.09 

1.00 

I. III! 
1. 

I. Ill 

1.01 
1.91 

l.oi 

1.0 I 

1. 01 
M I 
1.01 

1.02 
1.02 

I .oa 

1.99 

1.02 
| .09 

I n 
1.99 

i n 

1.0.1 

1.03 



• . i ... • |t|* 



ft 



■ 



Hll 

99 
58 
59 
50 

N 
U 
99 

•i 
50 
i;< 

47 

1''. 

80 

H 
U 

li 
li 
60 

88 
17 
OB 
BO 
99 

■i 
N 

89 

BO 
'.'7 
90 
B8 

B9 

B1 

19 
10 

17 
10 
19 

ii 
I ' 
\X 
ii 
19 

9 

8 

7 
I 

I 

4 

■ 
1 



VI 









7*- 



SINKS l> l' i *N*JI N IS. 



r.» 



M 

U 

1 

: 
I 

4 

s 
I 

7 
8 
9 

\<> 
M 

19 
II 

1 1 
14 

ii. 
17 

IB 

It 

II 

u 

M 

N 

:: 

. 

If 

U 

.ii 

d 

H 
u 

H 
M 

II 

1.' 
M 

M 

■ 

i.. 

II 

18 

49 

..■I 
II 

■: 
■ : 
:.i 
... 

..; 
M 

.-» 
mi 



■"'■ 



9.1 Ml 

VVHII". 
990ft I 

99010 

V90M 

V9U0T 

vvor* 

! 

99o»n 

VOOOl 

vvotu 

99000 
99101 
99104 

'".Ml J 

sunt 

99111 
901 II 

mil 

90134 

99181 

991 II 
99111 

.90147 

99iii> 
901 U 
99115 
90161 

091 0« 

V91IV. 

90107 

901 ;u 

99 1 MO 

19183 

99187 
99190 

991 tf. 



M . 



Hi- 
Col 
.01 
.04 
.1)4 
M 

.04 
.01 

,04 

.01 
.04 
.01 
- ( il 
.04 
.04 
.04 
.04 

.04 
.04 

'1 
.1)4 
Jll 
-04 
-01 
.Dl 
.04 
.01 
.ill 
.'il 
.04 
.04 
■ ill 
. A 
44 
M 
.04 

H 

JI4 
.04 
.01 
.01 

.III 

.01 
.01 
.04 
.04 

.01 

.01 
.04 
.01 

.01 

.111 
.04 
AJ 

-04 
.01 

.i»l 
ill 

.01 

,04 

.01 

Ml 



67H15I 

I 

■ 

■ 

67027 

470S9 

lira 

87811 
I781BI 
10.&7DII 
19004 

. 

6R194 
6b&*4 

H Ml 

68111 
10.08575 

6S<Utf 

6h7<M 
IOTA? 

. .- . ■ 

108 16 

AM*" 

ink 

10.19218 
(Mil 

99000 

09174 

10.006111 

rows 

lOOflH 

■ 

louo 

70.100 * 
7040;.' 

■ . 

roHfl 

- 

79901 

nooo 
now 

71135 

(I..I ..I,-.' 



Ill" 

1.04 
1.04 

1.04 

1.04 
[.04 

1.04 
1.04 

1 .03 

1 .01 
1.05 

■ 

1 .00 

1 .01 
I 

l .00 
I .»fl 
1 .06 
1.06 

i .or 
i .or 

I 07 
1.07 
1.1)7 
1.07 
1.09 

ij»a 

i 06 

l .os 

1.00 

I 
1.05 

I N.I 

LOW 

1,10 
UG 
I io 
1.10 
1.1 • 

1 .10 
l.io 
1.11 

1. 11 
I. II 
I. II 
1.11 
1.11 
1.12 
I. II 
1.19 

1.12 
I IS 
1.12 



PI" II 



M 
SO 

a 

M 
16 

-,. 

;-4 
U 

II 
ftfl 

a 

4- 
47 

16 
IS 

41 

IB 

12 
li 
H 

n 

38 

87 

34 

■ 

SI 

99 

2- 

n 

H 

M 
B 

22 

» 

20 
|| 

18 

17 
16 

IS 

M 
II 
II 

n 

io 
I 
8 

7 


B 

1 
I 
I 

1 
o 



M 


Hh 





y.utfivd 


1 


00197 


2 




S 


99201 


4 




1 




1 


99309 


7 


.'-. i: 


8 









ll> 


903 1 8 


11 


8 9>93SI 


12 




1.1 




14 




IS 




16 


99289 


17 


ow.to 


1ft 




19 


90141 


20 


90241 


21 




32 


999 18 


•■ 


992 9 


24 


90303 


2:. 


O0SM 


2ft 




27 


. r , :i ,. 


2S 




2.1 




36 




II 


9.90361 


■J 


99311 


il 


99314 


■ 1 


99270 


■ 


0927S 


:.; 




..- 




M 


0926ft 


HO 


0038G 


II 




41 


1.99203 


42 




1' 


90 'J 97 


44 




4- 




44 




47 




48 




40 




H 




01 




■2 


ooa 17 


.;i 




M 


. 


M 


■ 


u 




57 


- 


w 




M 




00 




'1 





Ill" 

,04 
.64 

.in 

.0-1 

.04 
.04 

,64 

.01 
.04 

04 

.04 

.04 
.01 
."I 
.04 
.01 
.04 
,04 
.114 
M 
Hi 

04 
.04 

.01 

.04 
."I 

04 

hi 
.04 
."I 
.04 
.04 
.04 

.04 

.01 
04 

m 
ni 
.04 
.04 
.04 
.111 
.04 
.04 
ni 
u| 
M 
m 
m 
,01 
44 

Ml 
.0| 

.04 
<t 
.04 

■ 1 
I 1 



l»i" 



10.11 1 ;.' 

7I2»2 

niTi 

;i m 

7II»> 
7147ft 
11011 
11061 

non 

;i " 1 
11614 
IQ,7ISn:< 
11651 
; 1 1 . 1 

729MI 

; I | . - 

- 

13443 
11713 



131 19 

: I 

7XS4S 

7 .1-' 

7 ■ : 
7M58 

181TI 

7 [91 1 
10.7.1 9Ml 

run 

74 !M 
1431 i 

742 7- 

THIS 
I44M 

71 il ' 

14CM 

16.24701 

748-Vl 
74927 

7 ■ 91 
: 
3 .: 

■ 

7 . !C. 



I III ... I. - 



W 



64' 



TABLE IV— L'liJAKITllMIC 



.sin.. I»l- ftiuf. Ill" SI II. 81ni». IU 



1 
2 
,i 
4 
S 
A 
7 
8 
9 
10 
II 
IS 
I.'. 
M 
IS 

If. 
17 
18 
I'.i 
80 
•j i 
S3 

n 

21 
25 
M 
17 

88 

n 
no 

.:i 
32 

1 
:i. 
Bfl 
37 

■ 
10 
li 
42 
43 
■li 
43 
-i ; 
17 
-is 

;<i 
1 
63 
fi I 

I 

57 
Bfl 

■v. 



99794 

99705 

99T87 

09TI3 

0OT77 

■ 

99 7 &J 

00785 
007811 
(I 1787 

99792 

99T06 

09798 
99797 

99600 

I 
(i 1898 

■ 

■»■-.•> 

VMS I 

99822 

■ 
■ 

00837 

■ 

Hta i 



0.02 
.03 
.112 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
."2 
.02 
.OS 
.1)2 
.02 
.02 
.112 
.02 
.02 
.112 
.(12 
OS 
.02 

,oa 

.02 
.02 
.OS 

.1/2 

.02 
.OS 
.03 

.02 
,03 

.112 
.112 
.OS 
.02 
.02 
,02 
.02 

oa 

.02 
.02 

.02 
."I! 

DS 

.02 
.02 
.02 
,03 
.02 

,01 
,03 
.01 
,03 
.02 
,03 

sn 

.02 



I ■ 
07960 
98082 
08204 
08893 
034S0 
98473 
9M81 
08821 

. 
L«.09tlfi 
09131 

li.il IV 

bom: 

OlMOO 
99984 

l].l)iH>-| 

00309 

[1.094(10 

DO it 

D07IS 

09865 

imy.s. 
oi 1 10 

01247 

01378 

(HMO 

DIMS 

11.01773 

01041 
0?175 

ii ■.:!.■■ 
02M I 
03478 
02715 
0B8M 

03211 

ossoa 

03075 

04092 
94388 
04378 
11.04614 
04450 
M I - 
04940 

II A'-.\ 

05287 

ii ■■ :i 



0m . DC OnUni, \>r N. 



2.03 
9 l 3 

S 04 
M i 
. 

2.0H 
2. 00 
2. 07 
2J»7 
8 08 
I 00 
2.09 

1 |Q 

110 

2.11 

2 IS 
S.1S 

2.13 
3.18 

I 1 1 

2.15 
2. I -■ 
3.10 
2.10 
3,17 

a is 

•1 18 
2.19 
2.20 
2. '.'i I 
2.21 
••.'12 
2.22 
8 S3 
8,34 
2.21 
2.25 
2.26 
2.20 
2.27 

1 36 

•l.'Mi 

3.S1 

2J1 

2. '12 
'i.y.\ 
J.; I 

3 . i 

2.:<6 
3 : 

2 27 

. 
3.40 

Ml 

3.4 1 



0.90634 
90836 

99H37 

nmn 

V0839 
0WS40 
WW4I 
30843 

0084 3 

WK44 

99845 

0.99R46 

99947 
9084 H 

nasi 

90853 

00854 

00855 
99H56 

00858 

39864 
09881 

BOOM 

doboj 

00884 

1.98807 

09883 

00889 

vis;ii 

998T1 

90H72 

' 

908N 

0OB75 

V9871 

00878 

■ 

00881 
09889 

00883 



' 

00883 

09604 



,03 

.!■:' 
.02 
.93 
.02 
.92 
.02 
.02 
.02 
.02 
.03 
.ii 'J 
,01 
.01 
.03 
.03 
.02 
.02 
.09 
.02 
.03 
.03 

.»: 
.1'-. 
.": 
.02 
.02 
.02 
.02 
.03 
.02 
.03 

.02 

.02 
.0! 
.03 

.02 
.02 
.02 
.03 
.03 
.02 
.02 
.OS 
.80 
M 
■ ". 
.02 
,01 

.<■■. 
,03 
.03 
.03 

,81 

.01 

J'l 
.01 
.01 



t«iib. I ur ji. 



u 



11 



05805 ' 

-.'■|,| 

■ 

00635 
■ 

07134 
07284 

0758ft 

I 
■ 

i 

2 



11 



i -i i 
C8350 

08815 

2 
3 



(10760 

1021' 

1 1051 
I 121 7 
11392 
M,l ; 
11713 
11880 
12047 
,13310 
1 

13400 

187*7 

i 03] 
14107 

l l.:- 

1B1T4 

I 



nmiiu*. ii]" C(.t..i. i i< 



09 

88 
if 
H 

.'.;, 

oa 
u 

M 

41 
4^ 
II 

48 
J. 

14 
48 

-ii 

■in 

:.7 
18 
8B 

HI 
OS 

81 

80 

•27 

18 

VI 

83 

H 

10 

IH 
17 

10 

15 
14 

r: 

12 

u 
in 
o 
8 
7 
6 

4 

a 

l 
'» 






.» 



■W 




8*> 



NTS, 



•;- 



(■" 



* 



VI. 



B.9IMM 

99BAA 

■ ,,-■»; 
VUHVb 

wmok 
O03M 

yOOOi 
VO0M 

.,'1 101 

B9BI . 

■■ 
■ 

00931 

! 
' 

MUM 

■ 
yg i ;■ 

09941 



11.1)1 

.01 

.01 
.01 

.01 

."I 
.III 

.01 
.01 

.01 
.01 
.01 

.III 
.III 
."I 
."I 

.01 

.01 
.U| 

."I 
-III 

.Ul 
.01 

-III 

.01 
.01 

.01 

.01 

.11 

."I 

.01 
.01 
.01 

.01 

.III 
.111 

.01 
.01 

.III 

.01 

.01 

.III 
.III 
I 

.01 

.1)1 
.111 

.01 
.01 

.01 

-III 
-III 

.01 

.111 
.1)1 
.III 
.(II 

.01 
.01 
.01 

hi- 



Thiii 



IM' 



III.. . Y. 

19716 

16064 

IMH !•?! 

HUBS 
I7HI i 

i: IM 
11.17580 
I777H 
I 7089 
I81M 

18641 

I-7.hu 

IVI2H 

111828 

ll.l-._M 

n m 

-1 151 

II. II • .) 

UTftS 

giwa 

SSI80 
KMM 

HSM 
MMTfi 

. 
24193 



3.IM 
S.Q7 



i.io 
1.11 

■ 

.;.ll 
I.1S 

3.IH 
3. 1L» 

1J ■ 
JJO 

3.2*1 

;._' I 

: l| 

1^3 

1.34 

S.3i 
UI7 

. 
3.40 

i.il 



Mfi 

:t.4ii 
>.4B 

9.»0 
3.51 

I. >1 

3. All 

3.«2 

■ 



24*01 *■** 



I 01 ■ 
86708 

min 

104134 

17101 
J7541 

17810 
MOM 






3 7 i 

i.n 

. 

S.RI 

4.01 

<■ 



! !■ I . . 



I'i 



0.MMMU 

OvMl 

• 

v.uoiwe 
00040 

■ 

■ ■ ! 
MVWM 

9905:1 
•j .yuou 

MOM 

VtllliT 

PQ9C1 
0OMJ 

»om: 

000041 

9097 o 
0991 l 

011073 
0991 I 
09074 



v 



i in 
,01 
ul 
.01 

.1 I 

,01 

.1 1 
.111 
.1)1 

II 

111 
.01 

.' I 
-III 

.01 
.01 

.Ill 

.01 

.1 1 

.1 ; 
.H 
J] 
.01 
.H 
.01 
.0] 
.01 

.11 

.I'i 

.01 

.01 

.III 
.III 

.01 

.III 
.III 

,01 

.III 

.01 
.I'I 

.01 

.III 

.III 

.01 
.01 

.0I| 

.<H 

.'I I 
.III 

,01 

.01 

41 

.o: 

.0 1 
.0 1 
.0 1 

.III 

.0 1 

.III 
.III 



I!. 



'-■-' , .. 

IH*70J ,4 ' OJ 



4,11 
4.12 

i.i 
4.18 

■ 

1.13 

i.j> 

• . . 
-i . i - 

4.41 
i.i: 
Ml 

4.4* 
4. 1 



202*0 
21*335 

SlVii 

SI 'V< 

M2II0 

■ 
SXI84 . 

..•*34J7l 4 - M 

■ 

: -I | 
■ 

:i7iR8 

. 

3HV01 

awn in 

41540 
11870 

. i- ■;- 



-l.'.O 

4.7J 

-i : i 

4,01 
•l.UK 

I 

6,10 

SMS 

M3 

.i: 






4:(f>7l 

44288 

■l-l. .i* 



1.01 
MM 

i 



,:o 

n 

■■i 
i J 

M 

on 

H 

ir 

|fl 
IB 

-ti 

I! 

41 

I 

so 

u 

14 

:.■' 
.;i 

80 

27 
84 

:■« 

82 

II 

20 

10 

• I 

II 

Ifl 

i.i 

14 

|| 

IS 

li 

Ifl 



H 

7 

H 

!> 
4 

B 
S 

1 




il 



*%* 



TABLE iV.-SfXR,* AND TAXtfESTS. 



8*° 



B 



y.vvuri 

99974 

99075 

' 

99970 

99977 

99077 

9.99978 

mm 

o«o7u 

49980 

H08U 

9998 1 

499&1 

9.099*2 
9998S 

9998.1 

999*1 

09081 

I 

B9489 

B998n 

90V8-1 
19967 
19967 

■ 

I I 
■ 
V.QV1MU 

■ 
9V00?| 



Tiinii. W 



I'. 01 
.0I| 
.01 
.01 
HI 
.01 
.01 

.111 
.III 

,01 
.01 

.01 

,01 

.(II 

.01 
.01 
.01 
.01 

.01 

.ui 

.01 
.01 
,01 
.01 

.01 
.01 
.01 
.01 
.01 
."1 
.01 

.01 
.01 

.01 
.01 
.01 
.01 

.0| 

Ami 
003 

.00 i 
.005 
.00ft 

.(IIP-. 

.005 

OILS 

.'Mil 

.CM 

.00| 

.(MM 

.00) 
,001 

.mil 

,IHM 
J»M 

.00| 

Mi 

.mil 
hoi 

in- 



40033 

M*sa 

45799 
471 $5 
47441 
87931 

48890 
49081 

; H . 
1 1 .4087(1 
5027) 
MM 
61081 
M 198 
61911 

52755 

oaioi 

11.54059 
44989 

BOM 

■ 

orni 

5Hty;i 

1 1. mn 

19170 

H , . 
00*77 
01191 
01711 

■ 

N m 

II.'.:- 7 
1. 1 HO 
04971 

Art 1 14 
nOrttts 

A7888 
SM90 
19119 

ro :i 

711*14 

71fiflH 

r.'.niM 

■ 

T.SilUO 

7;imih 
('•••Uittir. 



8.04 

0.11 

•'..!'■ 

0.27 
0.39 
0.58 
ft. 1 1 
0.30 
B.ftfi 
6,61 

0.74 

fl.no 

(..V.. 

7.40 

7.07 
7.11 
Ml 

r.M 

7.:t5 
T.-t;. 

7. ,| 

7.48 

7.60 
7.70 
7 ■ 
7.91 
6.00 

■ 
8,18 
B.38 

H..I7 
-.17 
8.57 
ft.07 

8.88 
K.99 
9.11 
922 

9.:>4 
o. in 

9."0 

I • i 
iu.;t 

i". i 
in.t'. 

10.9 
11.1 

II 2 
1 1.4 
11.0 

II.K 

12.0 
111" 



H. 


M. 


flO 





59 


1 


68 


2 


5T 


3 


All 


4 


55 


1 


>) 





SI 


7 




8 


:>i 


9 


50 


19 


49 


; i 


00 


i: 


47 


is 


16 


14 


45 


15 


44 


1(1 


u 


17 


42 


18 


41 


19 


40 


20 


HO 


21 




Tl 


87 


23 


;m 


.'I 


:ti 


25 


M4 


2* 




27 


52 


28 


.HI 


29 


BO 


B4 


20 


11 


2.H 


■ '.' 


27 


H 


2G 


84 


25 


;ti 


24 


.... 


sa 


IT 


22 


38 


21 


.1U 


89 


40 


19 


41 


18 


IV 


17 


411 


LI 


44 


15 


45 


14 


4i. 


II 


47 


12 


4K 


II 


49 


in 


50 


1 


51 


B 


5? 


; 


5.1 


1 


54 


b 


55 


4 


:.tl 


.1 


57 


2 




1 


Ml 





00 


~u. 


H, 



Bin*". 
9.9099:1 

■ 
99994 
■ ■ 

UW9 94 
99095 | 

00095 

90993 

9999(1 
VOOOfi 

HV91 

. 

99997 

B BOOM 
99991 

9990" 

9999* 

■ 

99099 

90999 

99091 

99999 
99999 

99999 

0.99999 

99MN 

In DOOOO 
00004 

i 04 

1)0004 
00080 

00094 

niiniti 

i 

OOotm 

00004 

00004 
DOD04 

ii 

i'.»ln.'. 



M\ 

. 

.004 

.003 

.003 

.mi., 

| I 
.003 
.001 
.003 
.002 
,003 
DO! 
.imp: 
.ii is 
.00] 
.00! 
.002 
.008 
.002, 

.imp: 

.008 

i D2 
,008 
,008 

.007 
,001 

,001 
.001 

.1)111 

.Oiil 
.0111 
.0111 

,001 
,00] 

.11111 


.001 
.001 

.00] 

" 

not 

,001 
004 
,000 

,11(11! 



Tmitf. i to- 



il. 



■ 

B20S4 
08807 

08100 

■ 
87 X49 

11300 

93*41 



13.2 
18.4 

18.0 
13.0 

. 
Ill 

I 1.0 

14.9 

■ 

10.0 
17-0 

i;.i 

17.9 
18.1 
18.8 
19.3 

HA 



\1 



v " v ' II ii 



II 



12 



Ii 



03111 

■ 
UN'.' I I 

13139 

|i oofl 

' 
81409 

'I. 24 

88100 

3WU4 

4V4K8 

ftVllh 

b; isi 
lulu. 



Coimiit. 



33.0 

24. & 

25.4 

34.8 

17.1 

41.4 

14.7 

. . ■ 

ftfi.o 

IIS 

I II 

188 



PI' 



.0 

49 

88 
B1 

49 
84 
B8 

B1 
BO 

19 

4H 

•17 

10 
45 
44 

4.) 
|] 

41 
40 
89 

18 

: i 

■ 

19 

U 
99 

'-■- 
:•; 
* 
SI 

'.I 

81 

iv 
17 
II 

i 
II 

II 
11 
B 

• 
■ 
B 

■i 

i 
I 












XI 





1 
























0*- 


TRAVEBSE CABLES 




86°15'-fl0° 






a i it 




I*L 


IV 


Lat 1 Dtp. 


Ut 




r. 






~T 





• 







■ 


ia 




1 .1 


.tMlO 


l.oiw .oul 


1.000 




J.IKItl 




i 




tf a 








8.000 






,026 


8 






:t 


,wo 




."i 




.026 






:i 






4 


MNX) 





MMJO 


.OJH 


...him 


.03 i 


4,000 


" -J 


l 






B 








.082 






5.IW0 


.in. i 


:> 






6 




,IHMI 




.026 


8.000 















7 


TiMHi 000 


; 


.031 


7.0<W 


.061 




.092 


7 






H 


K.00U ,000 




1 




.070 


7.999 


III/. 


8 






9 


IMK) 1 i .WW 




,039 




.07'.! 


R.999 




i» 






10 


III Mil | 

»0 


.000 




nil 


III.IMMI 


.087 




.131 


10 






•* 


Ml 


-IS' 


H9 sty 


m 


10 




"T 


1 0' 


1 i.v 


1 (■» 


r «.v 


T 




I.4MJU 


.Ml 7 


1,000 


,022 


1.000 




1.000 






il 








.ii-ll 


LOOT 


.052 


1.999 


,06 1 8 






•i 




■•'■■J 






2.999 


"7" 




.092 3 






4 




,070 




0R7 




.lu;, 




,1231 4 






5 






1 999 


.109 


i 993 


M\ 


I.99D 


.153 5 






6 








131 




,157 




.1HJ ii 






7 


5.99V 


.123 


(S >.i i- 








6.997 


.•-'II 7 






H 


r.999 


.140 


r.voN 


.17.'. 


7.997 


.209 




.'.'14 s 






g 




J 57 


N'l'l-. 


.196 


W.997 


.■_•;<■ 


H 996 


i ! 1) 






10 


•l-l H 


.171 


M.'IIS 


■ 


...,,,; 


553 


9.995 


.;«o:» II) 




Stt » 


HB ' 43' 


- - — - > 


N"t 


IV 






a ■» 


-• III 


J :n> 


-,' 1 -» 






1 




.0^5 


999 


o.:m 


.999 .(44 


1 






9 










■ 


I 


1,999 mm,, 2 






:* 




.103 






2.997 


.131 


2.997 .144 :* 






I 




.Mo 




.157 




.171 


.192 1 






s 


1 997 


.174 




. I M 


1,993 


_'i- 


1.994 1 ,8W 


B 






t; 












.252 


.SW> 


H 






7 




.J II 




.375 






. : Ifi 


7 






h 






7.U1M 


.JJ 1 


7.092 


,M0 


7.991 .'M 


H 






B 


K.995 


.:il 










H.9WI 1 .48!! 


D 






HI 


«J.'"H 












9.9K8 


10 

IB 




■ 





■r 4v 


m a» 


•»? 




i 


:( ti 


S I.V 


s :io 


I u 


1 


















y 


1 .-,.,; 




i 997 


I! : 


1 22 


| »M»'. 


1 || 


S 






:* 




157 




.17'* 


i-; 


2.994 


1 


8 






i 






■ I 




_'ii 




! 






5 


J ■,., ; 


562 






4,991 






5 






e 




.ill 






. 






c» 






; 








197 


6.9*7 427 






7 






s 


7.989 


.410 


. 


m 


|KN 






e 






it 




.171 




.510 


.549 






u 






n 


'l.'Kl', 




■ 


" 


', m| 

Hit 


J)|0 




m 


10 




s; ■ 


%» 


IV 


.la 


M IV 




D. 


Dtp. | Ut. 


!>-;■ I.,» 


Dvp. 1*1. 


°-f- 


D. 








: 







4 D -7°45' 


TRAVKKSK TAIILKS. 


82°15'-86 c 






D. 


Lat, | D-p. 


Ut 

4' 


Dop. 


Lnt. 


D<?]>. 


Lat. 


45' 


D. 




fl « 


15' 


4 


M 


4 


1 


wia 




.'.'UT ,074 


,997 


,078 


.997 


.033 




9 


1 092 


J 1" 


I 91 3 ,148 




.137 


l 993 




»» 






3 




.309 


■_' 903 JtM 


2.991 


535 


2990 


248 


3 






1 




.279 


1,989 


3.988 


.:; 1 1 






4 






■"> 


1,988 


.349 


4.986 


1.985 


.392 




.414 


fi 






6 


S,Qg| 


.418 


'• 984 .-H5 


6.981 


.-171 




.497 


ts 






7 


6.983 


; • ■ 


6.981 , .519 


6.978 


■ ■ 1 


6.976 


...Ml 


7 






8 


7.081 




7.978 


.393 


7.975 


,628 


7.973 


MS 


s 






9 


8.97* 


.628 


197a 




8.972 


.706 


8.969 


T4fi 


11 






10 


' « ' ' 7 ' ■ 


.(,■1- 


9.973 .741 


0.969 


.7*6 


■i 966 


.828 


lit 








M( O 


"»5 15' 


tm *o' 


N,-, 


:v 


~r 




~T 


5 


© 


5 I.V 


a a*' 


■-• 






.996 .093 


.996 


.096 


,996 


.100 




Q 


1.992 


171 


1.992 


.1-: 


1.991 


.192 


1.990 




•j 






s 


2,089 


,361 


2,981 




2.986 


.288 




..inl 


3 






1 


3.983 


.249 


\M 1 




L982 


.3«3 




.401 


i 






ft 


1,981 


436 


1.979 




1977 


.479 




,601 


5 






Q 


5,977 


£33 


5.975 




5.97S 


.575 




..'.<i| 


li 






7 




,61(1 


'.■ . I 


X,4\ 


6.968 


.071 


6.965 


.701 


7 






8 


7,970 


.697 




.732 


7.963 


,76i 


7 


.802 


H 






U 


8.960 


.784 


8.962 


.824 


8.959 


.sen 


8,955 


902 


!l 






10 


9.962 


.872 


'.>M.,S 


ML", 


0.954 


,968 


U.950 


l 0(12 in 








«5 » 


**4 i.v 


si SO' 


si If, 






1 


11 o 


6 


15' 


« so 1 


11 


w 




.'.»'.)., 


.105 




,109 


.994 


.113 


.993 




1 




2 


1 UK9 


.309 


1.988 


•218 


1.987 


,226 


1,986 


£35 


J 






3 


2.9W 


.31 -1 


2.982 


.327 


198] 


.340 






:i 






4 


t.978 


,418 




.436 


3.974 


.-I-'.:: 


3.972 


.i> 


i 






j> 


L973 


,523 


L970 


.:. ; i 


J'M g 


,566 






:» 






IS 


5,967 


,621 


5,964 


.663 


5.96] 


679 




.705 


H 






7 


B.962 




6.958 


,762 


6.95 i 


.792 


q g ,■_< 




7 






8 


7.956 


- 10 


7.952 


,871 


7.949 


.906 


7.945 


.940 


H 






!> 


8,951 


.94 1 


BL947 


r 980 


8.942 


1.019 


8.93* 


' 


9 






10 


,; 1 


1.045 


Ul94 1 


1.089 


9,936 


1.132 


>.».••.: 1 


t.175 


it) 








Nl 0' 


H.*) 45' 


BS* w 


86 15' 








"T 


7* 


u 


7 15' 


»° sv 


7" 


IV 


1 






! -: 


.992 


.126 


,991 


.131 


,99 1 






i j 


1 985 


244 


1.984 


562 


1.983 


.261 




.270 


•J 






:* 


2.978 


.366 


2.976 


.379 


2.974 


■ ■ 


2.973 


.406 


:* 






4 




.487 


8,961 


.605 




■>■:•: 






l 






5 


I m, ; 


,609 


1.960 


,631 


4.967 


.653 


4.954 


.'171 


r» 











.731 


6.962 


Jfi7 


5.949 


71 1 






<■> 






7 


6.948 


■ 


6.944 




6.940 


.'1 1 1 


G Q 16 


,944 


7 






8 




,97a 


7 936 


1.010 


7.932 


1 04 


7.927 


1.079 


8 






!» 




1,097 


8.928 




R.923 


1.173 


K.9 1 8 


1.214 


(1 






Hi 




1.219 


y <r_'n 


1.262 


'.i.'.i 1 -1 






1 349 


10 






"d7 


Ml 


» 


H2 45' 

Dtp. | I*t. 


n-j 


30' 

1.,- 


i , 


n7 




L*L 


Le». 


Dep. 








71 





































8°-ll°45' 


ri: L VERSE iwbucs. 


78°15'-82° 






D. 


u, 


Dep. 

o 


Ut. 


Dep. 

15' 


Lot. 


Dep. 


tat 


Dep. 


D. 






M 


M 


H 


h M 




| 


,wo 


.U'.i 


.990 


.143 


.989 


■ 




1 .2 


1 






8 


1.981 


3 • 


I.97S 




1.978 


JIM 


I. '.'7 7 


.304 


9 






■i 


2.97 1 


.4I« 


2.969 


.4 : 


2.967 


.443 


2.965 


456 


:i 






4 


3.961 


. .; 


■ 


.574 




,591 




.608 


■i 






ft 


4.951 


,596 


1948 


.71 7 


MM i 


.739 


4.942 


761 


5 






6 








.M61 






5.930 


.913 


ii 






7 


B.93S 


974 


6.928 


LOW 


6.923 


1.035 


6.91 V 


1.065 


7 






8 


7.922 


i M : 


7.917 


I.I4S 


7 913 


I i - 2 


7.907 


1 217 


8 






9 


R.9I2I 1.253 


8.907 


I 391 


R.90I 


1.330 


H 895 


1 169 


8 






10 


■ 


1 S92 

1 


B.897 


1 !...» 




I.47S 




1.521 


10 




s-J 


*>i 


IS 


si 


SO/ 


KI 


i* 









« IS 


« :ii» 


V IS 








1 


.uss 


J 56 


.987 


.161 


.9X6 


.165 


owi 


.1611 


1 






a 


1,975 


.313 


1.974 


,321 


1.973 




1.971 




2 






8 


2.963 


.469 


2.961 


.483 


■ 


.495 


3.942 


.51 18 


9 






i 


S.95I 


.626 


i .948 


.643 


1.945 


.$60 


.077 


1 






ft 


4.938 


.7x2 


-».";. 


.H04 


4.931 


«25 


1.92* 


847 


ft 






o 


5 926 


,9 19 


5.922 


.96 l 


5.918 


.99) 1 


5.91 I 


1.016 


H 






7 


fl « i 


1.095 


6.909 


1.125 


G 901 


M55 




1 185 


7 






H 


7 90S 


l.2»l 




l 2X6 


7.890 


1.320 


J.8R4 




s 






il 


- • 


I.40K 


N - v. 


1.447 




1 IMS 


K.870 


1 V/l 


It 






10 


9.X77 


l."i M 


9.870 


I ft07 




1.65(1 


g.H .i. 


1 i. 13 


10 




HI <> 


Ml 


i> 


ho sa 


-.• IS' 






io » 


10 15 


10 so 


io 45 








1 




.174 


■-I .it* 




.182 




.1*7 


1 






S3 


1.970 


..:i; 




■ 


1.967 


164 




. 17 1 


-2 






a 




All 


2. ti>2 


.534 




.'.17 


a »47 




3 






1 


1 


.605 




.712 




.72'.' 




.746 


4 






5 


4.924 


.a ■ 


1. 'IL'' 1 


.- ' 1 


4.916 


.911 


4.912 




ft 






*i 


l i 


I.DI'i 


I 


1.068 


■ I 


1.093 


5.895 


Ml'.' 


6 






7 


■ ■ M 


1.216 


■ 


1 246 


6.883 


12276 


6.877 


L.30G 


7 






8 


7.87 




7. -72 


1 .424 


7,866 


1.458 




1.402 


8 









■ 


1.563 




1.801 


B.H4Q 


L640 


8.842 


IJJ7U 


!l 






Id 
"I 






TO 


1.779 


9333 


1 ,822 


9.82 ■ 


I.K65 


10 




s» • 


la 


70 


ao 


71* 


IS 


II 


II 

■ 1 


IS 


11° 


ti» 


il Iff 


'-2 .191 


.195 




.1 09 




.2»4 | 




y 


1.953 


^82 


! 








1.958 


.407 S 






a 


S T. 


,672 


S.942 


. i i 


2.940 


.59-* 


_■ ;; 


/.ll 


e 






4 


a '-■; 


.763 






. 


.797 




315 


4 






ft 


1908 




4.904 


.976 




.997 


4395 


1.018 


5 






e 


■ i 


1.145 




1.171 


■ 


1.196 


5.874 


12222 


a 






7 


i m 


1.336 




i 


S -r, i 






1 .426 


7 






H 


7.853 


1,526 


7.846 


1.561 




1.595 




1.629 6 






'.' 




1.717 


8.827 1.756 


■ 


1.7 '1 




[.833 


!• 






Ml 


9.81 ft 


1.908 


9.80* | 1.951 


9.799 




9.700 




10 




?'» ii 


W 4ft- 


7h so- 


7S Iff 




D. 


Dtp. | Lit 


Dtp. ■ Lit 


Dep. 1 


Dap, 


D. 








1 









12 -1&"45' 


TRA.VER8E TABLES. 


74°15'-78° 




D. Lot. 


H-r.. 


f. ■ r D»p. 
ia" U 7-- 


tat, 


Deo. 


Ut 


D»p. 


D, 






is a' 


I'J :lt» 


iar 


i. 




1 




. :• i - 


.977 


.212 


.976 




:±±\ 


1 






•J 


1 -.v. 


i 6 


1.954 


.424 


1.953 


.433 


1.951 .44] 


g 






3 


2.934 


.624 


2.932 


.637 


2.929 


.649 


1 


:i 






4 


3.913 


.832 


3.909 


.840 






3.901 .883 


4 






5 


1.89] 


1.040 


4.886 


1.06 J 


4.882 


1.082 


4.877 1.103 


5 






«'. 




1.247 


5.863 


i.-:.; 




1.299 


i 124 


U 






? 


6,847 


1.455 


B.H41 


1.485 


6.834 


1.515 


1.545 


7 






8 


7.H25 


I.A63 


7.818 


1.697 


7.810 


1.731 


7.803 1.766 


H 









-; Mi.; 


1.871 


8.79fi 


Ij9I0 


8.787 


1.948 


8.778 1.986 


n 






10 


&.7HI 


2.079 


9.772 


2.122 




2 I i I 


9.753 1 2.207 


in 




7* 


•* 


77 ia' 


77' 9W 


77 I.V 






i:i o 


IX 15' 


IS" 30' 


IS 49' 


~T 




1 




.220 


,973 


.229 


Mil 


.:i;j;* 


..'71 


.238 




2 


1 ! 1 ■ 


,450 


1.947 




1.945 


.407 


1.943 


475 


2 






a 


■_'"_' 1 


,575 


2.920 




2.9U 


,7uu 


2 'll 


.71 1 


8 






4 


; 991 







.917 


3.889 


.934 




.951 


1 






5 


4.873 


1.135 


4.867 


1.146 


4.8S2 


1.167 


4.s:,7 


1.1 88 


n 






6 


5 •- K5 


1.350 


5.840 


1 :; ■ 




1.401 


5.828 


1.426 









7 


6.821 


1.575 


6.H14 


1.604 




1.634 


6.799 


1.664 


7 






8 


7.795 


1.800 


7-787 


1.834 


7.779 


1.868 


7.771 


1.901 


H 






D 


8,703 


2.025 


B.760 


•j.i m'. ; 


8.751 


2.101 


B.742 




1) 






10 




2L250 


0.734 


2.292 


V 724 


2.3 3 4 


9.713 


2.377 


10 








77 •' 


70^ 4<V 


7 <> ;«> 


70 I.V 


~T 




~7 


II • 


14" IS' 


1 1 


SO 


1 1 


41V 


.970 


,342 


969 


246 






.967 


255 




2 


1.941 


.484 


L933 


,492 


1.936 


.501 


1 934 




9 






a 


2.9 1 1 


.726 


2.908 


.738 


2.904 


.751 


2.901 


764 


:t 






4 


3 --i 


.968 


3.877 


.985 


8.873 


1 J M 'J 




1.018 


i 






:» 


L.8JH 


l.-Jlo 




\M\ 


4.841 


1.252 


i • \ 


1.273 


a 






U 


5.822 


1.452 


5, - 1 5 


1.477 


6.809 


1.502 




1.52* 


(i 






7 


B 793 




6.785 


1.723 


0.777 


1.753 




i 782 


7 






H 


7.762 




7.754 


1.969 


7.745 


2.003 


7.736 




H 






I) 




•j 177 


- 723 


2.215 


B.71 1 


2.253 




2.291 


D 






10 


9.703 


2.419 


V iV'.t'i 


2.462 




2.504 


■ ,. i 




M> 




in 


o 


75* 


40' 


- D M» 


... 


II 


V 


w° io- 


Iff SO 


10 19 




I 


.966 


i'»y 


.965 


.•ns.i 


.1*64 


.267 






1 






a 


1.933 


..MS 


i 930 


926 


1.927 


.-I 


1 925 


3 1 1 


a 






:* 


2.89H 


;;i, 


•J S'U 


.789 


2_g0| 


v|. ' 


2.8S7 


114 


:: 






4 




1 i s 


.; W9 


1.052 


3.855 


1.069 




i Q8ti 


i 






& 


-1 s,;u 


1.294 




1.313 


4. SIS 




1 - 2 




:> 






(5 


■ 


1 553 




I H> 


5.782 


1.603 


0.773 


I 62fl 


ii 






7 


o 76 i 


1.812 




1.841 


6.745 


1.871 




i km 


7 






*> 


7.727 


2.071 


7 7 is 




] 709 




7.TO0 


-J 172 


a 






it 




2.329 


R.683 


2 367 










!» 






Id 


'.».(', Vi 




9,648 


2.630 


• /. in 




9.623 


2.714 


in 




98 


<• 


7 1 IV 


3 l 


:ti» 


71 


18' 




D. 


Dop, | Ufa 


D- ( . | Ul 


Dep, | Uu 


Df*. | Lrn. 


D. 








76 







' 


16°- 


L9°45' 


TB£ VERSE TABLES. 


70/15' 74' 






D. 


Ut. | Db;>. 


LAt 


D* 


Ut. 


Dep. 


Ut | Dtp. 


I). 






~T 





l« 


ii 


M 


M 


!•" 


«-. 


l 








,376 








284 








2 


1.933 




1.920 


£60 


1.918 




1.915 




•J 






a 


2.I«M 


.827 








452 






3 






i 




1.103 


3.K40 


M19 


■ 


1.136 




1.153 


A 






5 




147(1 




1.899 


4.794 


1.420 


4 788 


Mil 


c 






n 


5.76* 


1.65-1 




1.679 


6 753 


1.704 




i ;_'■■ 


B 






7 


6.729 


1.929 


6.720 


1.959 


■ 


1.988 




S.017 


7 






8 


7.090 


2.205 


7.680 


2.239 


7471 


2.272 






H 






'.* 




■J 181 








2.556 


! 


2.5W 


ii 






ID 




2.756 


9.600 






2 • 10 


9476 




10 




74 


n 


IS 


7* 


aw 


7a iv 




~1 


IT '» 


17° W 


17 c 


SO' 


17 


15' 


J 






.292 


.965 


.297 












• > 


1.913 




I 910 




1.907 


401 




410 


'J 






a 


2469 


477 




.vm 








.915 


;» 






A 




1.16 1 






a Ms 


1 203 


8410 


1.219 


i 






;> 


1.783 


1.462 


-1.77,'. 


1.4«3 


4.769 


1.504 


4.762 


1.524 


5 






w 




I.TM 




1.779 


5.722 


1.804 


6.714 


l 429 


fl 






7 




2.047 




2,o7 a 




•J.I"*) 




•• i ;i 


7 






R 






7.610 


2.372 


7.630 


2.406 


7419 


2.439 

















2.669 




2.707 


B472 


2.744 


!) 






10 


0463 


2.921 


9.550 


2.965 


9437 


ii 






m 








7» V 


7S •« 


73 *0 


7* 19 










I"* «* 


is IV 


IS SO 


IS 4.T 








1 


'.'.-.I 


,30'J 




;n.i 


,948 


.317 




.321 


1 






■J 


1 902 


.f.l.s 


1.899 




1.891 








*2 






3 




'.-_•; 


M'| 




2.* 15 


.952 


2.841 


464 


a 






4 


3.804 


1 236 


1 ■ ' 


i.j". : 






>■ 


I.28G 


4 






8 


I 755 


i 545 


4.748 


l (66 


4.743 


i >; 


4.735 


l.60i 


S 






II 




I. -VI 




1 479 




i i 'i 


■ 




(1 






7 


6457 


2.163 




9 i '.' 




2.221 


6428 




7 






S 


7.408 


J 172 


7.598 


2.51*5 






,. >> .> 


2 >7*2 


8 






ii 




j : - 1 


8.547 


2418 


8.535 








U 






ill 






9.497 




9.483 


3.173 




10 




7* o 


71 w 


71° mt 


71 13' 




l 


iii o 


i* 


IS' 


t!> SO 1 


l» «V 


~| 






.826 






.943 


.334 


.941 




•J 


1.-'.; 


.651 


i &8 


63 ' 


I.HH3 


• 


1482 


476 


2 






9 




.9X7 








1.001 




1.014 


3 






\ 


1782 


1 102 




I [|9 


:;.77i 


1.335 




1.352 


4 






5 


\.':< 


1.628 


4.720 


] G48 


4.713 


1.669 


4.7<h*. 




& 






e 


5473 




J 








5.647 











7 


6419 


2 279 


6409 










2.365 


7 






b 


1.564 


2 ''->"' 


: -.-. ; 




: mi 


2470 


7.529 


1 ] 8 






8 


9310 












8.471 


3,041 


U 






M 


9.455 


:; 256 


9.441 




9.426 




9.412 


(.379 


10 




-i • 


n iv 


7#" 


wv 


7» 1* 




D. 


Dep. I Ut. 


D. f. Ul 


Dtp. i ri 


D.J.- | LaI. 


D. 








B V 11 


77 









J0°- 


23°45' 


CBA.VERSE TABLES. 


66°15'-70° 




D. 

T 


ut 


Dep. 


Ut 


Dep. 


Ut. I Dep. 
jo ;tti 


-Ml 


I'M. 






an o 


ao 15' 


VM 


,940 


142 


.938 


.846 


.937 


.' '.ii* 




.354 




u 


1.879 


.684 


1.876 


.692 


1.873 




I J70 


.709 


a 






3 


2.819 


i i)26 


2.815 


l 1)3 8 


2.SI0 


. .i,i 


.,(, 




a 






1 








1.384 




1.401 


3,740 


1.-117 


•\ 






5 




1.710 




1 ;.:i 




1 7 ".! 




1.771 


6 






6 


fj.6 :•- 


•:m:<- 


■ ! 1 


2,077 




2.101 




2.126 


i. 






7 


6.578 


2.394 


1 j .. 


2 123 


1 »5( 


■■ i .i 


i .; i 


2.48(1 


i 






8 


7.5IH 


2.736 






T.498 


■ 


7.4*1 


2-H 71 


* 






( .t 


H 1 .7 




8 114 


3.115 


8.430 




> 116 


3.189 


11 






10 


Q 397 


■ 1 2 > 


9 382 


3.461 


9.307 


.; HJ2 


9.351 




10 








7«i 


«ft 4S' 


«•' ao* 


«• IS 1 








~r 


•_» 1 


SI I.V 


ai ao" 


21 45 


~r 




.934 


.r.x 






.93(1 


.867 


371 


*.! 


L.867 


.717 


1 464 


.725 


I w 


.7 :: 


1.858 .741 








2.801 


1 076 


S . '"'» 


I. us 


2.791 


1.100 


2.786 I-U2 


.'{ 






4 




l.l.:.: 


3.728 


1.450 


3.722 


1.466 


3.715 1.482 


1 






f» 


4,068 


1.792 


4,060 


IJSI2 


4.052 




1.644 IAJ3 


5 






B 


-, i, ii 


2.150 


■ 


2.175 


■ ■ ' 


2.199 


. .. 


6 






7 




2.5119 


■ 




ft >i 1 




i. S02 


7 






H 


7. 169 


2.867 


;. (56 


-J.' Mill 


7.443 






H 






it 


R.402 


225 


8 388 




8.374 


.; m. 


■ 


D 






l(» 


m.;.;i, 






3.524 


•I m 




■ 


to 








*iii » 


M (0 


«* M 


(is IS 








~T 


22 


<> 


W 15 


H' SO 


a* 45' 


1 




.927 


.375 




,379 




:- ; 


.922 






J 


1.854 


,749 


I.H5I 


i t'i 


UUS 


765 


I ■ ll 


.773 


•J 






3 


2.782 


1.1*4 


2.777 


l.l (6 


•: : ; 3 


I I 18 


2 767 


i |60 


3 






4 


3.709 


M98 


• 


1.515 




I -■ :| 






I 






:> 


1.6 16 


I.H73 


-1 628 


1,893 


4.619 


I -1 | 


4.611 




5 






t» 


S 16 1 


2.248 


. : 


2.272 


5.54 1 






2.320 


fi 






7 


6 I'M* 


2.622 


6.479 


2.651 


1 : 17 




6 i . . 


2.707 


7 






b 


7.4 IS 


3.991 


7.401 




7.391 


3.062 


7.;7< 




H 






U 


8,345 




1 




B.SI5 


111 


■ 


3.4*0 


I) 






in 




3.746 


9/255 


. ;m; 


9.230 




9.222 




10 






~r 


*:s it 


«T 15 


«7 


ft* 


<IT 


15 
1 1 




art 


<»• 


an 15' 


■a 


art 


.92 1 


.891 


.919 


.895 


.',H7 




,915 


lU3 


1 




9 


1 ■•!! 


,781 


1.838 


.789 


1.834 


.797 


l.sil 


-I.-. 


fl 






:< 


2.762 


1.173 


2 7 ,<\ 


I.1R4 


2.751 


1.196 


•J. 7 !•". 


I 208 


a 






4 


3 683 


I.&63 




l 579 




1.596 




1.611 


4 






5 


1.6 13 


1.954 




1 ,97 1 




1.994 


1777 


L0I i 


R 






tl 


i .'J : 


2. M 1 


ft.51 ; 


2.S6S 


1.502 


2.392 


' 192 


2 1 1 6 


H 






3 


Mil 






2.763 


C.419 




6.407 


2.8 19 


7 






8 


. 


126 


7. .;» t 


8,158 


. 


8.190 


7.332 


3.222 


N 






!l 




il 


H 269 


. .: 


N.354 




M 238 




n 






ID 




3.907 


U.IXX 


3.947 


\i 171 




M.I 53 


1.027 


10 






oT 


or » 


00 I.V 




tit. 


IS' 


IT 




Dr|), | |AI. 


D^ | ut 


D.p. 








78 











^1 






























U* 27°45' 


KUVERSB TABLES 


C2°15'-66 







D. 


Ut ' P.-. 


Ut J Dop. 


1 Pep. 


Lat | D.p. 


D. 








M • 


«« H 


1 1 3*' 


si i ia 








1 


..'11 


A 17 


.312 


.411 


.'.'I" 


,41 - 


.yort .419 


i 






*-* 


1.827 


.8] 1 


l *M 


.821 


I.H2U 


>_'.' 


l . ■ 1 '• 1 .837 


32 






3 


2711 




2.733 


1..' ;j 


2.73 1 


1.244 


2 7_i 


8 






4 




1 .827 


3.647 


i 64 1 






. i 1.675 


4 






6 




2.1*34 




2.064 


4350 


2. >: i 


4.541 2.093 


5 






e 


5.481 


2.440 


5,471 


2.464 




2.4nn 


5.44 l 2.512 


t> 






7 




2.S47 


6.382 








157 2.931 


7 






H 




3.254 


7.294 




7 _*~ 1 




3.349 


« 






B 


8 229 


.. ■'. -I 




KJWJ 






1) 






Ml 


0.13.1 


1.067 




0.11? 


4.107 
49 


V.tllfl 


4.147 


9.081 I.I •: 


10 




•f 


*>.> 


•A 


.*» 




"i 


a« e (» 


•jr. 


15' 

.427 


■^.-. ::i. 


M IV 

.901 | .434 


~r 






.423 










2 


I.H1 ; 


.8(3 


1.809 




1.805 




1.801 .809 


2 






3 


1719 


1.208 


2.713 


1 > I 




i.j e 


2.7«2 1 H)3 


a 






1 




1.690 


1618 


l 706 


8.610 


1.722 


1.738 


4 






6 


l »32 


2.113 


4 £2 


■_• 1 




-j 153 


(.504 -'.172 


5 






(J 


5. 1 1 < 




6,427 


2.559 


S 116 




■Vim 2.607 









7 




2.958 




2.986 




3.014 


'1! 


7 






8 


7.250 


. 


7.J.;*. 


3.413 


7.221 


3.444 


7.206 3 176 


■- 









• 


3.804 


B.1 10 




8.133 




sin,. 3.910 


f 






10 


u.oea 


4.226 


0,045 


1 266 


9.036 


4.305 


9.007 1.344 


HI 




..a ii 


04 


It 


«• *0 


<H IQ 






u» <> 


£0 l.V 


S« fcO' 


•j« IS 








1 




.i;> 


.897 


.442 


.895 


,44ti 


.450 


1 






•j 


1 79fl 




I 794 


.88.1 


1.790 


Ji92 


1.786 ,, '» l 


2 






3 








1.327 






2.679 | 1.350 


8 






4 




1.753 




1.769 




1.785 


3.672 I.80O 


4 






5 




2,192 




2.211 


4.475 


2 2 1 1 


4.465 2.250 


5 






<i 








5.370 


2.677 


;■■ 2,701 


(1 






7 


6.292 3.069 






0.265 


3.I2S 


6.251 3.151 


7 






8 


7.190 3.50" 


7.176 




7.159 


:;..". 7" 


7.144 3.601 


8 






ii 


&4H9 


tt. \~*1 


8.981 


K064 


1016 


8.037 4.05! 


!» 






i i 


8.988 -|. >-) 




1.423 


8.949 


1.462 


930(4.501 


10 








ui • 


na 4av 


*a i« 


CM Ifl 








S7 0" 


a? ift' 


S7 M 


«T «' 




i 


jwj a:<a 


» ■ .458 


.887 .402 


,883 




1 






l 782 




1 77> 916 


1.771 




1.770 


J9SI 


i 






2.07 ' 


i 362 


I 1.374 


2.661 








» 






4 


■ I 




:.-.-■; 1,831 


3.548 


I 847 




1.862 


4 






5 


1.455 


2.270 


1.442 2589 


4 iv. 




4.425 


2.32H 


:> 











2.724 


1747 




2.770 


5.310 


2.794 









7 










1.2 2 


8 i-.:. 


3.259 


7 






8 


7.128 




7.112 








I.7& S 






U 






&0U1 4.121 








L190 i» 






10 


R.91C 4.M0 


4.679 


8.870 4X17 


8,860 


1.656 10 






•X •' 


09" 


4.V 

Ut 


tvt ao' 


«a 

P., 


IS' 




Dtp. | Ut 


Up. 


Dtp. Lai. 


ut. , a 






n 









28°- 


-31°45' 


TRAVERSE TABLES. 


58°15'-62° 




D. 

T 


Ut 


Dep. 


Ut, 


Di .. 


Ul. 


Dep, 


Ut 


Dep. 


0. 




2ft IT 


■J* IS' 


x» sty 


aft 


■ 1 


.ss:; 


.44.9 


.xsi 


.47.1 


.K79 


.477 


.S77 


l-l 




•2 


1.766 






947 


17 i& 


954 


1 ; .» ; 


■ 


a 






a 


2.64U 


1.403 


2.643 


1 4 JO 


2.63A 


I 431 


2.630 


1.443 


a 






4 


■ 


1.878 




1 <93 




1 909 


3.607 


1 924 


4 






is 


4 11., 


2.347 


4.404 


".u.; 


1 . 'i 


2.366 




2.40fi 


B 






i» 


5.29S 


2 It i : 


■ 


■■ (40 






5*60 




n 






7 


ft. 1 H 1 




t'i 166 




6.152 


3.340 






7 






H 


7.064 




7.047 


!"87 


7.031 


3.X 17 


7.(114 




H 






1) 


7.947 


i 22a 


7.92« l 360 


7 MM 


4.294 


7.890 




<.» 






10 


■ 




&809 4.733 


.-.7- 


4.77L 1 


8.767 


1 ■ n 


ID 




it -j » 


61 4.V 


•1 ' air 


6i i«* 




!i» O 


^9 I.V 


*J» 3V 


•2*1 ij 




l 


.875 


ASS 


.STL' 


.4sy 


.S70 


.492 






1 




•» 


1 T-I'.i 


.9711 


1.74:". 


.971 


1.741 


.985 


1 ; g 


,992 


9 






;{ 






2.617 


1 it.'. 


2.611 


1.177 


2.60S 




:< 






-i 




1 939 




1 g .: 


8.481 


1.970 


3.473 




4 






;i 




2.434 


4.362 




1 : .:' 




i ., 




5 






ii 




■ 


2 932 


B ■J'-".! 


2.964 




2.977 









7 


■ 




6.107 


6.092 




6.077 




7 






8 


■' ' T 


. 


6.980 3.909 






6.946 


■ 


H 






B 


7 -7;: 






7.633 


4.432 


7 (1 I 




SI 






10 


8.746 


4.84H 


R.728 4>n» 


8.704 


4.024 


H.6H2 


1.962 


10 






fii »■ 


00 4 a* 


eo so* 


00 IV 




~r 


;iu o 


311 W 


30 SO' 


M 


1.. 


.M'.ii 


.500 


.sm 


,»62 


,608 


.1*59 


:. 1 1 1 




2 


1.732 


I. in »t 


1 72S 


1.008 


L723 


1.015 


1.719 


1 023 2 






s 


■ 


LflOU 


*J 593 


1.511 


2.585 




2.578 




8 






4 


S.464 


2.000 


3.455 


2.013 




2.O30 




2.045 


1 






5 


■ 


2.500 


1 .]" ' us 


1,308 




4 '." '7 


' 


5 






<» 


:» 196 




I lv. t.l ' 






:, 158 




rt 






7 


1062 




fl.047 t.52fi 


5.031 (.663 


6.0W 


. 


7 






B 


■ • 


I.OUU 


6,91 1 1.030 


6.RU3 4.060 






N 






g 


77"! 


1 n ( n 1 


7 77:i 4.534 






7 7., 3 




!» 






H> 


Sl'l'iu ', IMHI 


S.63* 


SjiSfl 

45' 




5.076 


K,V. 1 1 


10 




tut 0' 


5tt 


so suy 


50 1.1' 




~r 


:<i it 


:ti 

,8.W 


1.1 


:n an 


si 4»' 


J 




>>; 


BIS 


319 


.853 


,- r '-'J 


.850 






a 


1.714 


1 030 


1.710 


1 03H 


1 70S 


1 04S 


1.701 


1 053 9 






3 


■_■ ■;■_' 


1 543 






2.55H 




2.551 


1 yni ;i 






4 


: I2U 


2.060 




2.075 


: m 2.000 


: h 1 


j lets 1 






6 


4,2*6 


7 :>;:> 


t -JT". 2.504 


i 2d 2.612 


4 252 


1 


6 






fi 


.11. 


1.090 


5 120 


1 II:; 


s ii*' .; I3S 


5 102 




ft 






7 


li.UHl t.l 


5 9S 1 




, ■ 1.- . 1 .; 






7 






N 


.. 1 |20 




1 ISO 


6.R21 i i-ti 


6 N 13 


J.210 


8 






H 


7.715 i.035 


7X194 




7.674 4.702 


7.653 


I7..i. 


tt 






10 


s S72 5 I » l 


R.S4U 


.VI 68 




K .".i 1 1 




10 








;.:. it 


5n 40' 


H 80* 


93 1 . 






D. 


Dep. Lbl 


Ul 


Dep. | Ul 


Dqi, Lnl 




00 







i 


























32°-35°46' 


TKAVKKSK TABLES. 


54°15'-58 c 






D. 


tat 


Dep. 


Lu. 


Fr[>. 


La;. | Dtp. 


Ial j Pep, 


D. 






S*J If 


IV 


32 :w 


32 45' 


T 


348 


.530 




33 1 


343 


.537 


341 


.-■ II 




3 


1396 


1360 


IJS91 


10)67 


1387 


1 .075 


1382 


1 .< is-J 


k J 






8 


2344 


130 1 


j. .;; 


1301 


2330 


1312 


J. a 1 


1323 


'A 






4 




J.I J" 


:;. 163 


j.i ;i 




■J. II'.' 


3.364 


■j 164 


4 






5 


1240 


2.85 1 


4.229 


2.568 


4.217 


2386 


4300 


2.705 


6 






H 




3J8U 




3.202 


5.06U 


&2S4 


5.1>46 











7 






5.US » 


.;.; ;> 




3.761 


5.K87 




7 






fl 




4J239 




4369 


6.747 


I30H 


fi 728 


4328 


H 









7.632 




7312 


[302 


7301 


IS. J i 


7.5tV.i 











10 


*.4A) 




8 i »i 


5386 


8.434 


5.373 


8.410 


5.4 It) 


10 




5*- V 


57- «V 


57 


so* 


57 15* 






S3 W 


33 15' 


s:ft :m 


S3 IV 


T 


1 


339 


34 ". 


.636 




334 


352 


331 | 366 




2 


1377 


i.osu 


1.673 


1. '.' . 


1368 


I.104 


1 1.111 


S 






s 


a.616 


1.634 




1.645 


2302 


1. 656 


2.494 ■ 1*61 


s 






4 


3.356 


j.i; i 


3.345 


2.103 


3336 


2.208 


3326 2JH2 


4 






ft 


4.19 : 


8.723 


4.181 


-.741 


4.160 


•_■ reu 


2.778 


ft 






fi 


MBS 




631 i 


3.290 




3312 


4 089 3.333 


6 






7 


6.871 


3 H12 


5.834 




6 837 




6 820 8,880 


7 






6 






6.690 


4.388 


II 671 


4 411. 


fi 652 4.445 


8 






it 


7 54 s 




7 527 


4.033 


7 51 15 


4,067 


7 483 I 5.CNX) 


o 






10 


1381 


6.446 


8.363 


5 4-; 


8380 


5 5I-.I 


.s.il'» 


', 556 


10 




57 


a 


5« 45' 


55 


SO" 


55 


34 II 


3ft IS' 


34 M 


34 IV 


T 


.«2U 


.55U 


.S27 




.SJA 




&/$ 


.57.1 




'«! 


1.658 


l.lis 




1.126 


1348 


! . 1 1 ; 


134 1 


1.140 


g 






3 


■J.I 1 


I37H 


'J.I sn 


! 


1472 


t39U 


2365 


l.71'i 


3 






4 


3.3lt» 






2351 




2JJ66 


3 2H7 


I'.'JSt I 


4 






5 


4.145 


2.706 


•i.i ;-; 


J.-.! 4 


4.121 


2.832 


4.108 


2.9*50 


6 









-l.'Tl 






3377 


4.945 








n 






7 


S * ) 1 


: 11 l 


5.736 


3340 


6.760 


1365 






7 






fi 




4.474 


631 1 


4303 


■ 


4331 


6373 




fi 






fl 


7.401 


, . . 


7.439 




7417 


5.09H 




5.1 10 









11) 




5 v<i 


8.266 




s Ml 


5 WW 


SuSlfl 


1 10 




fi)l o 


55 45' 


55 


so* 


55 


15- | 


M «» 


35 15' 


33 M 


S3 4.V 




.SI J 


374 


.S17 


371 


314 


381 


312 


3H4 


1 




x> 


I.53H 


1.147 


■ 


U54 


1328 


1.181 


1323 


I.1GN 


-■ 






:* 


L'.4m 


1.721 


ir. i " i 


1.731 


2.442 


1,742 


2335 


1.1 •: 


;t 






4 


3.277 






2.31 10 


1356 


2323 


3346 




-i 






:> 


4.098 




4.083 




4371 


2.0" ' l 


■ 




. r t 






6 


■l M i 


3.441 


1 




4385 


3.484 






u 






7 


5.734 


4.015 


;>.7in 


4.040 




4.065 






3 






fi 


fi M 1 




6333 


4.617 


6 513 


1,646 


a 103 


4374 


fi 






S 


7.372 






S 1 n 




5 226 


7304 


fi 25H 


n 






HI 

IT 


S.192 


5.736 


8.166 


1 771 


S ! il 




ft.M6 




in 
"57 




55 c 


3«>4V 


34 SO* 


51 13' 


Dep. 1 Lit, 


Dtp. Lut 


Dop. | L*t 


D*-'t». f Lab 






1 













JB°- 


39°45' 


TRAVERSE TABLES. 


50°15-54° 


D. 
1 


lot. 


Dnji. 


Liit. | Dep. 


Lot. | D?p. 


Ut 


Pi I'. 


D. 




M 


V 


;mi is' 


a« *•■ 


SB 40" 


~T 


.Si t'J 


..>"• 


,«o4 I .591 


.804 


.595 


501 


£98 




s 


L618 


1,176 


1.613 1.183 


1.608 


1.1V0 


[.603 


1.197 


a 






8 


li.ii>7 


1.763 


2.416 


1.771 


5L413 


1.784 


2.1UI 




y 






4 


3.23*3 


2.3 i 


84236 




3.216 


2.37V 


3.205 


3593 


4 






:> 


(.045 


2.030 


103S 


2.967 


1019 


2.974 


4.U06 


2.992 


5 






6 


1854 


3.527 


l 939 




1823 


8.569 






i\ 






7 


B.663 


1.11 i 


>,64G 


1130 


5427 


1164 




1188 


7 






8 


6.472 


1703 


6.462 


4.73U 


6.431 


17W 


6.410 


4 7s7 


8 






«> 


7581 




7568 


5522 


7535 


5.353 


7.211 




11 






10 


8.000 


».K7fl 


8.064 


5.913 


6 039 




8.013 


:. 0X3 


10 




M •' 


MM 


10' 


OS so 


OO 10* 






a? «' 


ht ia* 


a? *o' 


a? «o' 


~T 






.799 


/>< '2 


.706 


y,\ 5 


.793 


,609 


.791 


.612 




•i 




1.204 


1 599 


1.211 


1. 687 


1.218 


1381 


1524 


a 






:t 


2596 




2,388 


1.816 


2.880 


[.826 


2.372 


1,837 


3 






i 


8.195 


2.407 


3.184 


2.421 


3.1 73 


2.436 


3.163 


2.449 


4 






5 


3.903 




8.980 


3.0126 


8.967 


8.0*4 




3.061 


5 









1793 


3.611 


4 77''. 


3.632 


1760 


3.653 


L744 




i; 






7 


• 


1213 


6.572 


1537 


5£51 


1.261 


5.535 




7 






N 


B 389 


18 IS 


5.368 


1842 


6547 


1870 


* 126 




8 









7.188 


5 -l 1 6 


7 164 


5448 


7.140 


6.4T9 


7-116 


5 -,] i 


1) 






10 


7 9Hfl 


6.01* 


7 960 


5.063 


7.0?. 1 


6 oss 


7.007 


6.122 


10 




5i« 


V 


oa 40' 


02 00* 


5^ 


IV 


3«* o 


3N 


15' 


a*- so- 


3* 


.788 


,616 


.7S5 


.6Iy 


■ 


.623 


.780 


£26 




•> 


1 576 


l.'J.il 


1571 


1538 


1.666 


1546 


1,560 


1 552 


a 






3 


s m 


1.847 


2,366 


1 857 


2.348 


l.sfts 


2540 


1578 


s 






i 


8.153 


2 163 


3.141 


2,476 


3.130 


2.4UO 


8.120 




i 






!> 




8.078 


3.927 


' 


3.913 


3.113 






6 









4.72S 


v « ' l 


1T12 


3.716 


\ i.«m; 


3.735 


1.679 




e 






7 


5.016 


1310 


■ i i 


L334 


5,478 


1368 


6.459 


i [81 


7 






8 


6.304 


L.925 


6583 


1963 


656 1 


I 080 






H 










.Ml 


7,068 




7.043 




7.019 


5.683 


u 






lb 


7 W(| 


Ii.l57 


7 ■:.-: 


6.191 


7.K26 


6.22.5 


7.799 


6.259 


10 

~i 








50* o 


51 


45' 


01 


so* 


or 


10' 


"T 


30 0' 


N° 


10' 


30 X© 


:xu 


.777 




.774 




,773 




.769 






^> 


1,654 


i m 


1.510 


1 26S 


1 543 


1.272 


1 538 


1579 


•2 






s 


2.331 


l.sss 


2.823 




2,316 


1.908 


2.:io7 


1 llfl 


9 






4 


s.iog 


2.617 


3,09fl 


2 ■ i 




2.544 




2.55A 


4 






5 


:■: H86 


8.147 


3.873 


3.164 




:: |80 


3.844 


3.197 


5 






« 




8,776 


1 6 M' 


8.796 


1 1 I 


5.818 




3.M37 









7 


5.440 


1.406 


5.431 


1.439 


5.401 




5582 




7 






8 


6517 




5 195 


5.062 


5 IT-: 


-, n - ■ ■ 




- [16 


8 






o 


5.094 


S 66 1 


5.970 






■.7:.'-. 


tV\<20 




» 






10 


7 771 


5.293 


7.744 


6527 


7 TIC 


6.361 


7 688 


6 ;<»4 


10 






n° 


~utT 


5W 


4V 

Ut 


00° so* 


Of 


IS' 


ix 


Dep. 


Dcp. 


Di<p, | I.»t. 


D.p. 


UL D. 








n 















































40°-43°45' 


TRAVERSE TABLES. 


48°15'-50 e 






A 


UL 


Dop! 


Ut. 


Dep. 


UU 


Dtp. 


Ut 


Dpp. 


D. 






40 3 O* 


40 : 10' 


40 my 


•n «s' 






1 


.766 


.643 


.763 


.646 


.760 


.649 




.653 


1 




U 


153*2 


1.286 


1,626 


1.292 


I 521 


L299 




i 306 


a 






8 


2.29S 


L928 


2 290 


1.93S 


2 281 


1.94* 


surra 


1 B6H 


8 






4 


3.064 


2.571 


3.053 


2 68 1 


8.043 


9 698 




2.611 


4 






6 


S.830 


3 214 


3.K16 


3.231 


8.809 


3.247 


8 786 


t 26 1 


5 






6 


4596 


3.857 


4.579 


3.877 


4.562 


S.897 


1646 


8.911 









7 


5.362 


4.500 


5.343 


4.523 


5.323 


l 646 


5.303 


1669 


7 






8 


6.128 


5 142 


1106 


5.169 


6 0S3 


5 106 


6.061 




8 






1) 


6.H04 


S 786 


6.669 


5.816 


6.844 


6.846 


6.818 











10 


T.660 


6 42* 


7.632 


6.461 


7 ''.ol 


6.494 


7 576 




U) 






ftrt O* 


48' 


43' 


4u so- 


4M" IS' 






u c 


«• 15' 


41 9€f 


41 IS 


"1 




1 


755 


.656 


.76a 


.659 


■ 


.663 


.740 1 666 




y 


1.509 


1.312 


1.504 


1.319 


1.498 


1.325 


1 492 I.33S 


'J 






a 


2.264 


i.yti^ 


2.256 


1 978 


2.247 


1.988 


2.238 1.998 


:t 






4 


8.019 


1634 


8.007 


2 637 


1 996 


■j 650 


I 2.664 


i 






6 


3.774 


B.28Q 


8.759 


3297 


3.745 


3.313 


;: 730 8.329 


r» 






«i 


4J528 


S 066 


4.511 




1494 




1476 8.996 


*; 






7 




■I 592 


■ 


4.615 


5.243 




5229 1661 


7 






8 


6 03S 


5.948 


6.016 


6.2T5 




5.301 


1.968 5.327 


ft 






9 


6792 




6.767 


5.984 


6.741 


5.964 


B 716 15.993 


9 






10 


T.547 


6.561 


7.518 


6.593 


7.490 


6 626 


7461 


6 li.V.1 
IS' 


10 






40 0* 


44° 43' 


la %& 


Is 




43 O 


4i IS' 


42 :u< 


43 4S' 


"T 


1 


.743 


,669 


.1 to 


.672 


.737 


.676 


.734 


.'•7'.' 




i! 


1 186 


1 33H 


1.480 


1.345 


1.475 


1 861 


1.469 


1 351 


SI 






8 


2.229 


2i» '7 


2.221 


2.017 


2.212 


2.027 






8 






4 


2.973 2.677 


2.961 


2.689 


2.949 


2.702 


2.937 


2716 


4 






5 


1.716 


3.346 


8.783 




3.686 


3.378 


;-: 673 




5 






« 


.! r. 


4.015 


4 4(1 


4.034 


I 42 1 


4.054 


4 406 


LOT 


t\ 






7 




I 684 


5. 1 83 


4.7U7 


6.163 


4 729 


5 I4<> 




7 






8 


5.945 










5.405 




M 









r', 68g 


6.003 


6.662 


6.051 


6486 


6.0SO 


S 109 









20 


7.431 


6.691 


7 402 


6.724 


7.373 


6.756 


7.343 1 6.78H 


10 




4*> O- 


VT AS 


AT 


so* 


4T' IB" 








43 <K 


43 IS' 


43 :io' 


43- 4S* 








i 


.731 1 .682 


.728 


,686 


.726 


.''..'-- 


.722 


.692 


1 






s 


1.463 I 1.364 


1.467 


1.370 


1.461 


1.377 


1 II" 


1 383 


2 






s 


2.194 


2.046 


2.185 


2.066 


2.176 




2 167 2076 


8 






4 


2925 


2.728 


2.913 


2.711 


2.901 


2.753 


2.889 2.766 


4 






6 


3.657 


3.410 


3.642 


8 426 


;; -'.27 


3.442 


3.612 1 3.45H 


ft 






« 


1388 


I 093 


4 370 


mi 


4.352,4.130 


4.334 1 i 19 


tf 






7 


5.110 


4.774 


6.099 


1796 


5.078 ; 4.818 


5,057 1 4.841 


7 






8 


5.H5I 


5.466 


5. .127 


5 48] 


5 80S 


5 77'.' ,5.532 


8* 






9 




6 138 


6.5.5 


6.167 


1598 6,196 


6.601 6524 


9 






10 


7314 


6.820 


7.2X4 


6 B62 


7.254 6.S84 


7 221 6.915 


10 






47 11 0* 


44" |. . 


40" 34* 


40" 15' 


a 


Dep. | Uu 


D«p. | Ut 


D-p. { Ut 


D#p. | Ut 








1 


a 







44°- 45° 



TRAVERSE TABLES. 



4a°-48' 



"7 


Eat 


D p. 


Is* 


Dop. 


Ut 


Dep. 


Lai. 1 Dtp. 


D. 




41 IK 


44 ' ID' 


44 


ao 


•4 40' 




.719 


.695 


.716 


.698 


.713 


.701 


.710 


704 


1 




a 


i i g 


1.389 


1433 


1 .i'Mi 


1.427 


1.402 


1 420 


I 408 


a 




:t 


2.198 


2,084 


2 149 


2.093 


2.140 


2.103 


2 131 


2 112 


8 




i 




2.779 


2.865 


2.79] 


2.853 


2.801 


2.841 




4 




:. 


W97 


3 473 


3.683 


3.489 


3.566 


8.505 






;. 




n 


4.316 


416S 


4 298 


4 187 


1280 


I 205 


126J 




tt 




7 


5.035 


4.863 


-> " N 


4 885 


4.993 


4.906 


1971 


4 928 


7 




8 


5.766 


5.657 


5.730 


ft 582 


5.706 


6.607 


5 682 


6 632 


H 




9 


T.-474 


6.252 


6.447 


IJ.2SO 


6.419 


6.ao* 


6.392 




9 




10 


7.103 


6.947 


7,163 


6.978 


7 i i ; 


7.009 


7 102 


7 040 


10 




4B 


45 4.V 


45 3C 


4& i/v 




~T 


«n g v 


43 «V 


45- air 


43 43" 






.7u7 


.:•»: 


.704 


.710 


.7 H 


.718 


.eys 


.716 


1 




2 


1.414 


1.414 


1.408 


1.420 


1.402 


1 427 


1.396 


1.433 


9 




3 


2 121 


2.1LM 


2L112 


2.131 


2.103 


2.14U 


2.093 




3 




4 


£828 


2.828 


a.si6 


2.S41 


2.*04 


2.853 


2.791 


' 


4 




5 


8,536 


3.536 


3.520 


3.551 


3.505 


3.566 


3.489 




5 




6 




1243 


1234 


4.21.1 


4.205 


4.280 


4 187 


4 298 


a 




7 


4 '.'".II 


1950 


4.028 


19T1 


1906 


4.903 


■l 885 


5.014 


7 




8 


R657 


6.657 


6.653 


6.682 


6.607 


5 706 




5 :.;i> 


N 




9 


li-.M 


6.364 


6.386 


6.392 


6 31 is 


6 419 


6280 


447 


<i 




10 


T.071 


7.071 


7.040 


7.102 


7. (KM) 


7133 


6.978 


7.163 


ia 






43 ■> 


1 1 IV 


44" air 


4* 1 1ft' 




D. | Top. | Lat. 


Pep, | Ut, 


Dep, | Lot 


Dop. | L»t. | D. 





MISCKU.ANKIH \S TABLL 

Whin DUX0I»»L 

C'lri-iuiifcri'iireuf cirri*, er p 3.14159 715 

An- 1 uf circle 78540 

ots of sphere, ........ I D0O-10 

Earth's equatorial tadiue, in nites, , . 3962 r »7 

Rnrtfa'a polar radius, in nilen, .... ,3949.324 3.591 

tWpreseioo,l-4-2W,1528, 0.00331 7.62411-1(7) 



EQriVALENTS. 

American mile -% .86756 nautical milen, . . . 993830-19 

» = 1609.40*31 meters, 

" '■ = -21689 Oem&a geograph. miles, 933624-10 

11 H = 1.50866 Uuasiao versts, . . . 0.17859 

« T«nl - .91111 motors 9,96119 16 

" = .48217 Vienna blatter, . . . 9.68320-10 

r.*.t = .30481 meters, 9,48403-10 

" •• - iv , ...... 9 19421-10 

" " = .93835 Parisian rest, .... 997236-10 

" = .96435 Viennn Feel, . . . . 9.9f 28-10 

" =r 1.09395 Spanish feet, .... 0.<> 

84 





^^H- 


















WBRIDI0NA1 


. PACTS. 














lC 


MT 


30' 


40' 


BO' 






0.0 


92 


19.9 


29.8 


39.7 


49.7 




1 


.59.6 


69.5 


792 


89 1 




1092 






3 


1192 


1202 


139.1 


11 1.0 


1592 


|. v ., 






ii 


178.9 


[8S.H 


1982 


208.7 


218.7 








•i 


338.6 




258 J 




27S.4 


288, t 






5 


2982 


308.4 


3182 






3482 






6 


3582 




3T82 


& E 




4082 






7 


4182 


4282 




4482 


4582 


4682 






8 


478.4 


• 


498.4 


5082 


6182 


5282 






9 


638.6 


548.7 


458.8 






589,0 






10 




5092 


619J 




639.5 








n 




669.8 


530.0 


690.1 


TOM 


71n i 






12 


7305 


730.7 


740.9 


7512 


761 1 


7714 






13 


7812 


7912 


802.0 


a 1 2 a 


822 


832 : 






14 


842.0 




863.4 


873.7 


834 1 1 


8942 






15 


0015 


9142 


929 I 


935.4 


945.1 


956. i 






16 


96M 


071 -7 


087J 


997.5 


10072 


10182 






IT 


10282 


1039.0 


1049.4 


L059.A 


10702 


10807 






18 


1091.1 


1101.6 


Ill2.it 


1122.5 


1133.0 


11432 






19 


1154.0 


11642 


1175.1 


1165.6 


1196.1 


1205.7 






20 


1217.3 


1227.0 




1249 1 


1259.7 


1270.3 






21 


128L0 


12912 


iao&a 


K3182 


142 17 


1334.4 






28 


1345.1 


13652 


[3662 


1377.3 


11" 1 


1398.9 






S3 


1409.7 


1420.5 


1 i-il.-i 


1442,1 


14532 


14632 






24 


1474.7 


1465.6 


1496.5 


1607.4 


1518.4 


15292 






25 


1540 8 


1551 1 


15618 


1573.3 


15842 


1596 4 






26 


1606.4 


I617J 


16982 


1639.7 


1650.8 


16612 






87 


1678 1 


1684. 1 


I696JS 


1706.7 


17172 


1729.1 






28 


1740.4 


1751.7 


1762.0 


17742 


1785.4 


1796.9 






2fl 


1808.3 


1819.7 




18422 


18542 


1865.4 






30 


1876.0 


1888.4 


1899.11 


1911.4 


1923.0 


1931.6 






31 


19462 


1957.H 


1969.4 


1981 I 


1992.8 


20042 






::2 


soma 


2038.0 


9039.7 


2051.5 


20632 


20752 






33 


3087.0 


209V 'i 


21102 


2122.7 


21 (4.7 


2146.7 






34 


21562 


2170.7 


218S.7 


2194.* 


221 162 


2219.0 






36 


SS3I.1 


9943. S 


22552 


2267.7 


2279.9 


22922 






36 


2304.5 


2316.8 


2329.2 


28412 


2858.9 


2366 i 






37 


2378 8 


2391 9 


246 


2416.3 


2428 


24412 






- 


9454.1 


2466.8 


2479 S 


2 1 12 2 


2504 v 


2517.7 






39 




2643.3 


25562 






2694 9 






-in 


2607.9 


2621X1 


2f.:U.(i 


2647 l 




26732 






41 


28662 




27182 


2726 3 


2739 fi 


2752.9 






45 


776(13 


37792 


27932 




28202 


28882 












85 

















HSRIDIONA1 


j PARTS. 








Deg. 


V 


IV 


ay 


so* 


40 


60' 






2861.1 


2*74.8 


2888.6 


29023 


29I64J 




44 


2929.9 


2943.7 




71.6 


29* ■ 


■:\".>\>A 






45 


3013*7 


3027.8 


3042.0 


30564 


3070.4 


^4.7 






u 


8099.0 


:;ii:;.4 


3127.8 


3142.3 


3150.8 


3171 . 






47 




3200.3 


321*5.2 


3230.0 


3244.7 


323 






U 


3274.5 


3289.4 


3304.3 


3819,4 


'.4.4 


334 






49 




3380.0 


3395.2 


3410.6 


3425.y 


II 1 






50 


3456.9 


3472.4 




3503.7 


3519.4 


8636 l 






51 


3550.9 


3666.8 


3582 - 


8598.7 


8614.8 


0.9 






52 




3663.2 


3679.6 


861 


8712.4 


3728.9 






S3 




3762.0 


3778.7 


37 


3812.2 


3829.1 






54 


3846.0 


3K<;;;.i 


3HK0.1 


8B97J 


mu 


■ ■ 1 >• 






55 




3966,6 


8984 I 


loon 


4010.3 


187.0 






56 


4054.8 


4072.7 


lU'HlT 


4108.7 


4126.9 


4145 l 






57 


U63.3 


41K1.7 


42005 


421&7 


4237.:: 


4256.0 






58 


4274.8 


4293.7 


1312.7 


4331.7 


4350.9 


4::to i 






59 


43MV.1 


4408J) 


442K.4 


41 18.0 




44- i 






00 


4507.5 


1527.6 


1.17.'. 


4567.8 


4588.1 


4601 






61 


4639 I 


464U.K 


4670.f> 


4691.4 


4712.4 


47 I 






6? 


4754.7 


477(>.(l 


1797 5 


48194 


4840.7 


4865 5 






63 


4884.5 


4906.5 


W2S.7 


4961.0 




4996.0 






64 


-MMK.S 


604) .'i 


&064.6 


6087.7 


5111.0 


6134.4 






65 


6158.0 


5181.7 


5205.fi 


B229J 


.1253.7 


527K.O 






06 


53013 


5327.1 


S351.fi 


5376.9 




6421 i 






r>7 


5452.8 


5478.fi 


5504.3 


6530.3 


5556.5 


;..')>? a 






08 


5609.5 


5636.3 




6690.4 


5717 7 


574;'i 8 






M 


577;i.l 


5S0I.I 




6867,7 


:,->«,.;; 


691 






70 


6944.8 


5973.0 






0063.1 


6093.4 






71 


6124.0 


6154.8 


6| J5.9 


6217.2 


0248.9 


62 






72 


6313.0 


6345.6 


6378.2 


0411.3 


6444.7 


64784 






73 


6612.4 


6546.8 


G5AI.5 


6616.3 


6661 J 


6687.6 






74 


6728.6 


6760.1 


6796.9 


6834. 1 


6871.7 


6W.I.7 






75 


(i'.MS.l 


6987 J) 


7026.9 


7066.9 


7106.1 


7146.7 






76 


7IS7.R 


722D.3 


7271.4 


7313.9 


7357.0 


74O0J 






77 


7444.8 


74«'J.5 


7534.8 


7580.7 


7C27.0 


7674.8 






78 


TT'J'J.I 


7770.5 


7819.6 


7869.4 


7919.9 


W 






70 


8023.1 


8075.9 


BI29J5 


8184.0 




195.4 






so 




84lo>i 


W69.6 


BS29.7 


¥500.8 








si 


R7ir>;i 


S7AO.0 




8913.6 


8981.9 


9061 J 






*2 


9122.7 


9195.3 


1 


03464 


9422.7 


9501.0 






S3 


9583.0 


9666.0 


9751.1 


9H38.3 


9927.8 


100 






K4 


101 14.0 


1021 IX 


10810.8 


10418.6 


10519.6 


106284 






85 


10711.7 


10858.4 


109703 


11104.3 


112 


II 169.1 












86 















- 












































00UKCTI0S8 r- B tflD&LI ?..-\TITI T DE. 






Difvmmo of i.\rtTiDR. 




Mid. 


2 


i 


* 


B 


1 


7 


a 


9 


10 


il 


12 13 


14 


15 


11. 


U 


lb 


iy 


20 


Mid, 




Ifi 


1 


■2 




■V 


: 


!/ 


I.- 


1"» 


19 


- 




:* 


ll 


17' 


-.r 






1* 


I.'. 






10 


1 


a 


-i 


1 


*> 


1 


n 


11 


IH 


ll 


flj ... ..( 


.1 


II 




■ 




in 






17 


1 


9 


H 


1 


a 


S 


ii 


14 


17 


21* 2\ L'S 


a 


l^ M 


80 


06 


17 






is 


i 


I 


• t 


J 


i 


a 


Ml 


13 1(1 


JO -■■■ 




ii 


40 


80 




m 


IK 






u 


i 


■ 


I 


1 


e 


a 


tu 


It 


HI 


111 


J-' IB 


■J 


. 


1 1 


1 i 


.41 


.rf. 


Ul 


10 






20 


l 


1 


1 


1 


s 


7 


III 


U 


15 


U 




9 


.1* 


..N 


i ■ 


l> 


■ i 


"1 


-'1 






•21 


i 


I 


j 


4 


.- 


T 


o 


ia 


LS 


1« 




B 






a 


17 


Bfl 


w 


u 






22 


i 


1 


S 


4 


.'. 


7 





ia 


ll 


17 


II M 


aa 


Ul 


88 


ii 


m 


01 


oil 








M 


i 


1 


a 


■'! 


a 


7 


•1 


ii 


n 


17 




S3 


II 


■ 


H 


L\ 


50 


.Vi 








u 


1 


1 


2 


8 


i 


7 


l> 


ii 


ll 


111 




27 


1 


:;"» 


aa 


it 


10 


1 


-'1 






95 


i 


1 


■_' 


3 


■ • 


7 


-1 


u 


It 


If. 


|f ■_■ 


98 


■ui 


:tl 


30 


1- 


1> 


BO 








ai 


l 


1 


J 


.i 


■ 


il 


a 


a 


1.1 


10 


in aa 


.ti 


do 


•i 




17 


SI 


M 








t 


I 


a 


3 


J 


ii 


H 


ii 


i .i 


hi 




2S 


211 


..i 




17 


■ >: 


■T 






•js 


i 


l 


2 


B 




1 


8 


i» 


u 


IA 






•_-l 




■ 


Hi 


61 


- 






a 


i 


1 


a 


a 


>"• 


a 


1 


1-1 


n 


l-'i 


ia 


:i 




aa 


.u 


- H 


Hi 


61 


•as 






9 


i 


, 


_■ 


i 


fi 


q 


8 


i> 


it 


15 


18 


21 


tt 


ts 


;U 


N ii 




m 


+> 






i 


i 


l 


a 


8 





i> 


K 


n 


ii 


V, Ul || 


VI 


'JS 






46 


.-i 


n 






-• 


'i 


1 


■j 


:l 


I 


a 


K 


w 


la 


i .- 


L'I 


^ 


a 




.:. 


60 








SI 


« 


1 


■• 


1 


I 


ii 


H 


w 


la 


u u -:i 


.1 


aa 


aa 


..<i i-i Ifi 


*l 


it 








• < 


1 


1 


1 


4 


i. 


K 


M 


u 


13 


ia 


tl 


-l 


IB 




:» IU 


4d 


4tf 








. 


') 


l 


i 


1 


4 


a 


N 


10 


u 


r. 


ia 


SI 


VI 


91 


:;_• 


Id in 


01 


JO 


r. 






n 


l 


l 


-■ 


1 


4 


i 


K 


HI 


ta 


13 


ii 


'-M 


'.'» 


at) 




.W in 


*s 


4!l M 






a 


i 


1 


i 


.: 


I 


a 


V 


10 


ia 


I.) 


ia 


2\ 


11 


a 


S2 


., K| 


1") 


-49 


in 






:w 


i 


i 


2 


a 


i 


a 


a 


in 


ia 


I.-, 


ia 


u 


-1 


aa 






i:> 


50 


.« 






00 


i 


1 


1 


•i 


1 


a 


H 


M 


i: 


Ifi 


10 


SI 


11 


j^ 


as 


■ ■ 


o 


60 


.w 






*> 


l 


1 


2 


a 


s 


a 


B 


to 


u 


r- 


18 


n 


2Ti 


aa 


aa 


M ii 


K 


60 


10 






il 




1 


2 


:; 


'■ 


'i 


B 


10 


i: 


!■' 


in 


•_'i 


s 


a 


a 


n ii in ai 


ii 






42 


i 


1 


•2 


9 


• 1 


D 


X 


II) 


11 


1" 




■-■» 


-'< 


sa 


.: ii «l 


51 


12 






il 


i 


1 


-' 


:i 


•'' 


I 


a 


in 


1.1 1 ID 




-'. 


_-< 


;t( 


i: a i" 










41 


I 


1 


2 


1 


a 


i. 


a 


111 


11 Ifi 19 1X2 


as 


■ 


.'.i 


;t* 12 


17 


B 


11 








i 


j 


•2 


a 


■ 


a 


a 


II 


ll 10 




;»i 


44 


u a 


±* 


S3 


16 






#1 


1 


1 




a 


■ 


a 


s 


11 


1 | li. 


2H 


30 


:i 


n a w 


68 M 






17 


i 


I 


_■ 


■ ; 


•• 


7 


ii 


11 


11 ID IU £j -<. 


90 


EC 


38 1 1 i'i 


64 it 






W 


l 


I 


1 


■i 


a 


7 


*A 


11 


II 17 


11 


B3 


it- ii ki 


;.. i. 






40 


I 


1 


.: 


a 


■ 


7 





u 


11 17 A) S3 


•_7 


;i 


18 


M I.". 


oO 


H v 








1 1 


•2 


i 


ft 


T 


•> 


11 


14 1 17 20 24 


SB 


va 


aa 


41 4fi 


■1 


- 








1 


I 


j 


i 


o 


7 


it 


Id 


ll 17 U W 


M 




i. 17 


a 


Gfi 61 








i 




•j 


i 





7 


U 


IS 


IS 


Is 




to 






a 


50 










i 


| 


> 


i 


■ 


7 


In 


U 


1 1 


is 




1!' 


,t 38 


18 8 


*.i 


00 








01 


l 


1 


T 2 


i 





« 


ll> 


l- 


li 


I? 


ta ao 


.(1 


;u ,iy 


44 &l 


B| 


as 


il 






H 


1 


I 


a 


I 


i. 


1 


10 


i ; 


II 


l'I 


B 


M 


II 


■ V. 


40 


ifl 61 


.".7 


00 BB 








i 


1 


:i 


i 


'< 


>• 


II) 


i • 


l>; 


IU 


ii 


J7 


SI 




ii p. ._■ 


u 


tti 


SO 






a 


i 


1 


1 


4 


ii 


r 


111 


13 


i 1 


J'l 


:i 


as 


- 


:(7 


u i? ..1 


t4J 


O-l 


■ 






• 


i 


a 


;i 


1 





P 


11 


H 


17 


jn 


:i 


sa 


m 


;;s 


IJ 4* bo 


1.1 


as 


■* 






:u 


I 


■j 


a 


1 


" 


- 


11 


li 


17 


-'1 


26 


a 


i 


i 


1- 






70 


oil 






n 


1 


• 




i 


1 


11 


II 


M 


U 


23 


m i 


as 


*i 


IB 




71 


00 






.1 


i 


•j 




6 


T 


8 


-■ 


IS 


IK 


as J-. ; i 


.j, 


u 


<7 


M 




7-. 


01 






1 1 


i 


■-' 


a 


."t 7 


9 


- 


I'- 


1 1 


.'. Ii 


. 


..: 


Ci 


li ti 




-.; 


B 






1 


l 


■-• 


fl 


", 7 




- 


ii. 


2U 






i 


II 




11 7- 


■ 


on 






01 


1 


i 


;; 


IT 




1.1 


w 




-1 


M 


.1 


n 


aj 






M 


M 






<r» 


1 


a 


;; 


6 ■ 


in 


1 1 


17 


l'I 


as 






ii 


4s 


M 


SB 


BB :^ 


w 


■ 






■ 


1 


i 


a 


■ 


H 


1 1 


18 




-'. 


■ 


.. 


i ; 




■ 


1 . : 


1W 


■ 






17 


1 8 


4 


c ; 


ll 


1 1 


IK 




28 




13 


- 


68 


" ■ 


M 


■ ; 






M 


l J 


1 


a t 


is i i 


IU 


ii 


.'• II w 


)7 


I 


OJ 


i 




OS 






8 


i ' 


1 


t. 


a 


i_ n 




NO U i: 


|U 




' ' 


Tl -. 'i 


mi 


w 






00 


l 1 


4 


ii 


u 






■ 


•^ 




..^ 




110 


70 










ST 











KCLECT1C EDUCATIONAL SERIES- 



RAY'S MATHEMATICS. 

EMBRACING 

A TJtorwtgki Prpgrtfiizr, and Complete Ccitrn in A'ilhinetK, J 
and the fii'Aer Mathetnatiis. 

Ray's Primary Arithmetic. Rsy's Higher Arithmetic. 

Ray's Intellectual Arithmetic. Key to Ray's Higher. 

Ray's Practical Arithmetic. Ray's New Elementary Algebra. 

Key lo Ray's Practical. Ray's New Higher Algebra. 

Rays Test Examples in Arith. Key to Ray's New Algebras. 



Rajt's Plane and Solid Geometry. 

By ELI I I.wian, A. M., /V.-.-V Ktiiyon College, lame*., clo' li, 

276 pp. 

Ray's Geometry and Trigonometry. 
By BlJ Ti Taiian, A. M. , Prrfl fo r t y* College, Svo., sheep. 430 |>p\ 

A'./y'-- Anuh/fh (•',•>.:■;<■';■•{ . 

lly GEO, I I. HOWPIOH) A. M., Pr,if. in Afim. huiitui 
Tic iiiic on Analytic Geometry, especially as applied (o the , 
c.iics of Conies: including the Modern Methods of Abu 
Notation, Svo., sheep, 574 pp. 

Ray's Elements of Astronomy. 

I lj Si II. PjulmdYi A. M.. /"/'/*. ff Phyn'cs and Cadi / 

J/.'. .','•'.. '.'.'.' ,'c. Handsomely ami profusely Illusir.ii . -I. 
Svo., -Imp, 336 p|>. 

Rays Snrtf'i/ittQ and Navigation. 

With ■ Piuliunnary Trent isc on Trigonometry and Mcfisui 

By A. Schuyler, /'">/. «/' Applied Mi/Ae»',>/us <tnd l^fit ■ m IS.UJ- 

7,<tn L'ni./is^y. 8vo. f sheep, 403 pp. 

Ray's Differential and Integral Calculus. 

Element* of the Infinilc-mal Cnlculus, with numerous r«amp|w 
and an Hob! ona 10 Analysis and Geometry. By J \ ■-. l •. I ! \*K, A. 
M., Pre/, in William Jeietll Cal<'e,e. Svo., sheep, 4*0 II 

DESCRIPTIVE CIRCULARS ON APPLICATION. 



I 



